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DEPARTMENT  OF  SUMMARIES 

TO  BE  DEVOTED  TO  DIGESTS  OF  PROGRESS 
IN  BIOLOGY 

While  the  Transactions  will  continue  to  be  primarily  •  Jonmal  of  research  in  micro- 
biology, it  is  recognized  that  the  field  has  become  so  broad  as  to  preclude  the  possibility 
of  freqnent  articles  in  any  one  of  the  departments  of  special  interest.  Because  of  this 
it  will  be  the  policy  to  present,  from  time  to  time,  supplementary  disests  of  the  progress 
being  made  in  the  various  fields  of  micro-biology.  It  is  also  proposed  to  introduce  similar 
summaries  of  the  progress  made  in  some  departments  not  represented  in  our  articles  of 
research.  This  is  done  with  the  feeling  that  such  reviews  will  increase  the  nermanent 
value  of  the  Transactions  to  all  who  may  not  have  access  to  a  large  list  of  technical 
biological  journals,  nor  the  time  to  make  the  survey  for  themselves. 


BACTERIOLCXiY  IN  PLANT  PATHOLOGY 
By  F.  L.  Stevens 

It  IS  my  purpose  to  direct  your  attention  to  the  place  and  import- 
ance of  bacteriology  in  the  field  of  plant  pathology,  from  the  stand- 
point of  North  American  students  and  investigators,  and  to 
summarize  briefly  the  progress  during  the  comparatively  brief  in- 
terval since  the  inception  of  this  science.  I  shall  flrst  consider  the 
subject  in  its  broader,  general  aspects,  then  in  its  more  special 
relations. 

It  was  inevitable  that  the  brilliant  results  of  the  early  workers 
in  bacteriology,  especially  as  regards  fermentations  and  animal 
pathology,  should  direct  the  attention  of  plant  pathologists  to  bac- 
teria as  a  possible  source  of  solution  of  some  of  their  own  problems. 

Thus,  in  the  year  1877  we  find  Dr.  Burrill  saying  rq^arding 
pear  blight.  "The  cambium  of  the  blighted  branch,  when  the  trou- 
ble first  shows  itself,  and  for  some  days  thereafter,  is  filled  with 
minute  moving  particles. 
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"Not  unfrequently,  a  thickish,  brownish,  sticky  matter  exudes 
from  affected  limbs,  sometimes  so  abundant  as  to  run  down  the 
surface  or  drop  from  the  tree.  This  proves  to  be  identical  with 
that  noticed  in  the  cambium,  and  unquestionably  has  the  same  origin. 
The  sticky,  half-fluid  substance  thus  exuding  is  entirely  made  up 
of  these  minute  oscillating  particles."  Transactions  Illinois  Horti- 
cultural Society,  1877,  page  114. 

In  1878  he  said — "If  we  remove  the  bark  of  a  newly-affected 
limb,  and  place  a  little  of  the  mucilaginous  fluid  from  the  brown  tis- 
sues under  our  microscope,  the  field  is  seen  to  be  alive  with  moving 
atoms  known  in  a  general  way  as  bacteria.  Sometimes  a  thick, 
brownish  fluid  oozes  from  the  bark  of  dying  limbs  and  spreads  over 
the  outside  or  falls  in  drops.  This  is  apparently  made  up  of  living 
things,  mjrriads  of  them  to  be  seen  at  once.  A  particle  of  this  vis- 
cous fluid  introduced  upon  the  point  of  a  knife  into  the  bark  of  a 
healthy  tree  is  in  many  cases  followed  by  blight  of  the  part,  but 
with  me  not  jn  every  instance."  Transactions  Illinois  Horticultural 
Society,  1878,  page  80. 

In  1881  he  said :  "But  of  the  pear  trees  inoculated  by  budding 
and  puncturing,  as  described,  sixty-three  percent  became  diseased, 
exhibiting  all  the  characteristics,  externally  and  internally,  of  the 
blight. 

"Less  than  two  percent  of  those  not  inoculated  became  infected 
with  the  disease. 

"The  slight  wounds  made  by  the  process  of  inoculation  cannot 
be  charged  with  the  results,  for  similar  wounds  were  made  with  a 
clean  needle,  and  these  rapidly  healed  without  further  injury.  The 
introduction  of  the  Tnrns  introduced  the  cause  of  the  disease,  and 
the  potency  of  the  virus  was  quite  positively  due  to  the  living  bac- 
teria" Blight  of  Pear  and  Apple  Trees:  10th  Report  Board  of 
Trustees  111.  Ind.  Univ.,  69,  1881. 

In  American  Naturalist,  Vol.  15:  p.  527,  we  find:  "Certain 
diseases  of  animals  are  now  positively  known  to  be  due  to  the  ac- 
tion of  the  minute  organisms  commonly  known  as  bacteria,  but  it 
has  not  been  shown  that  they  also  cause  disease  and  death  of  plants, 
except  as  recently  announced  by  the  writer  in  case  of  *blight'  in 
pear  and  apple  trees. 
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"In  1877  I  observed  in  the  fluids  of  blighting  pear  trees,  great 
ntunbers  of  minute,  moving  things*  which  were  not  clearly  identified 
as  bacteria  until  the  following  year.  Their  presence  was  uniformly 
detected  in  every  examination  made  (and  they  were  numerous) 
during  the  summer  of  1878,  and  the  fact  was  reported  to  the  Illi- 
nois State  Horticultural  Society,  in  December  of  that  year.  Investi- 
gations were  not  further  prosecuted  until  June,  1880,  when  the 
unusual  prevalence  of  the  disease  called  more  special  attention  to 
it.  The  same  organisms,  or  those  very  similar,  were  as  uniformly 
found  in  the  tissues  of  apple  trees  suflfering  with  the  disease  called 
twig  blight.  On  diseased  parts  of  both  trees,  drops  of  whitish,  vis- 
cid material  were  often  found,  oozing  from  the  bark,  and  this  proved 
to  be  almost  wholly  made  up  of  the  bacteria." 

'  From  the  time  of  the  early  work  of  Dr.  Burrill  onward  there 
has  been  a  steady  increase  in  the  number  of  diseases  suspected  or 
known  to  be  of  bacterial  origin. 

In  the  early  days,  technique  was  undeveloped  and  many  of  the 
early  hints  at  bacterial  diseases  were  indeed  barely  hints.  Many 
of  the  things  described  then  are  difficult  or  impossible  of  recognition 
now,  while  others  have  become  the  subjects  of  repeated  research 
and  knowledge  of  them  has  been  clarified. 

Here  as  elsewhere  in  science,  fundamental  battles  were  fought. 
In  the  period  1879  to  1892,  many  researches  abroad  and  a  few  in 
America  were  directed  to  determine  whether  bacteria  occur  in  nor- 
mal, sound  plant  tissues  with  of  course  a  final  result  in  the  n^;ative. 

Though  numerous  plant  diseases  were  early  attributed  to  bac- 
teria (1877-1883)  the  number  which  received  final  acceptance  as 
such  g^ew  slowly.  The  text  books  bearing  upon  the  subject  give 
only  grudging  credence.  Even  as  late  as  1892  only  13  plant  dis- 
eases are  g^ven  by  Russell  as  of  established  bacterial  origin  with 
nine  "Probably  of  bacterial  origin."  Marshall  Ward,  the  English 
authority,  in  1894  editorially  doubts  even  the  bacterial  origin  of 
pear  blight.  As  late  as  1897  Frank  evinces  doubt  as  to  bacterial 
diseases  in  these  words:  "Whether  bacteria  can  be  the  cause  of 
disease  in  plants  is  always  a  question  to  be  considered  with  circum- 
specticMi."  p.  201  Frank  Kampfbuch.  But  the  most  vigorous  atti- 
tude of  denial  was  taken  by  Alfred  Fischer  in  1897  who  held  that 
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there  are  not  and  cannot  be  bacterial  diseases  of  plants  because 
bacteria  cannot  enter  plants  except  through  wounds  and  that  their 
development  then  will  be  stopped  by  corky  layers.  "The  uninjured 
plant  stands  in  open  connection  with  the  outer  world  only  through 
the  stomata,  which  connection  is  so  limited  that  the  system  of  air- 
filled  intercellular  spaces  connects  with  the  outer  world  but  is 
entirely  closed  to  the  cells.  When  bacterial  germs  are  forced  into 
the  stomata  by  wind  or  rain,  they  here  reach  only  into  these  inter- 
cellular spaces  where  nothing  further  is  offered  to  them  than  vapor- 
saturated  air,  where  all  nutrient  substances  are  wanting,  without 
which  no  bacterial  spore  can  germinate,  no  bacterial  cell  can  mul- 
tiply. All  these  peculiarities  are  wanting  in  the  bacteria,  against 
which  an  tminjured  plant  is  fully  protected.  But  also  the  wounded 
plant  offers  food  for  bacteria  only  in  the  opened,  injured  cells,  a 
source  which  is  soon  removed  by  the  formation  imder  the  wounded 
surface  of  an  impenetrable  cork  layer  (wound  cork)  which  entirely 
prevents  any  further  flow  of  sap  from  the  wound.  The  wound 
does  not  remain  moist,  the  injured  cells  shrivel  and  dry  out,  and 
consequently  the  entrance  of  the  bacteria  is  exactly  so  barred  out 
as  in  the  uninjured  plant.  Consequently,  there  is  not  the  least 
danger  of  wound  infections  by  bacteria,  whose  further  progress 
in  the  plant  is  also  impossible."  Translation  by  E.  F.  Smith,  Bac- 
terial Diseases  of  Plants  II,  p*  15. 

Wehmer  in  1898  assumed  a  similar  viewpoint.  The  trend  of 
ex  cathedra  opinicm  at  this  period  toward  the  denial  of  the  exist- 
ence of  bacterial  plant  diseases,  in  opposition  to  rapidly  increasing 
evidence  of  their  abundance,  appears  to  us  today  as  most  remark- 
able. The  controversy  became  crucial  between  Dr.  Erwin  F.  Smith 
and  Dr.  Fischer,  the  latter  asserting  in  1899  that  "there  has  not  yet 
been  published  a  single  proof  for  bacterial  plant  disease  which  meets 
all  the  requirements  of  exact  bacteriology.  Smith  in  1899  and  1901 
in  masterly  articles  adduced  such  complete  evidence  that  since  then 
his  position  has  not  been  challenged.  From  that  period  to  the  pres- 
ent time  very  numerous  bacterial  plant  diseases  have  been  described 
in  America  and  elsewhere  until  in  1915  we  find  more  than  140 
genera  of  host  plants  listed  with  something  more  than  one  htmdred 
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bacterial  forms  suspected  or  proved  to  be  responsible  for  certain 
of  their  diseases. 

Owing  to  the  difficulties  and  obscurities  of  the  subject  as  com- 
pared with  that  of  fungous  diseases,  it  is  probable  that  a  large  per- 
centage has  been  as  yet  overlooked,  indeed  the  rapid  growth  in 
number  of  descriptions  of  diseases  of  this  class  during  the  last 
few  years  is  especially  striking  and  betokens  corresponding  in- 
crease for  some  time  to  come. 

In  addition  to  mere  listing  and  identification  of  the  cause  of 
the  disease,  fundamental  progress  has  been  made  in  the  knowledge 
of  the  biological  and  ecological  relations  of  the  host  and  parasite. 

The  action  of  the  parasite  has  by  critical  studies  been  shown 
to  be  through  enz3rmes  and  in  particular  enzymes  acting  upon  and 
dissolving  the  middle  lamella  and  thus  bringing  about  dissolution 
of  the  tissues. 

A  group  of  diseases  of  distinct  type,  the  "wilts"  are  fotmd  to 
be  largely,  tho  not  exclusively  bacterial,  and  are  due  to  a  plugging 
or  embolism  brought  about  by  growth  of  bacteria  within  the  vessels 
of  the  plant.  Infection  has  been  shown  to  occur  in  a  variety  of 
ways,  notably  through  wounds  which  break  down  the  outer  pro- 
tective plant  coverings  or  what  is  perhaps  much  more  remarkable, 
through  natural  openings  such  as  stomata,  water  pores  or  nectaries. 

Important  contributions  have  been  made  upon  the  subject  of 
infection  carriers,  more  particularly  since  the  role  of  certain  insects 
in  this  regard  has  been  ascertained  with  precision.  Surface  soil 
water  is  in  some  cases  responsible  for  extensive  distribution  of  the 
parasite.  Continued  growth  and  multiplication  of  parasitic  bac- 
teria in  the  fallen  plant  parts  or  even  in  the  manure  pile  offers  an 
additional  explanation  of  disease  dispersal  in  some  instances.  In 
other  cases  it  has  been  demonstrated  that  the  casual  bacteria  remain 
alive  upon  the  outside  of  the  seed  coats  and  thus  lead  to  infection 
of  the  ensuing  crop. 

Phytopathological  bacterial  studies  have  in  several  instances 
.been  conducted  with  such  thoroughness  that  descriptive  and  taxo- 
nomic  bacteriology  have  been  distinctly  enriched. 

The  bacteria  involved  in  plant  disease  are  preeminently  of  the 
genera  Pseudomonas  and  Bacillus.    The  Cocci,  Bacteria  and  Spirilli 
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SO  prominent  in  animal  pathology  sink  to  a  very  minor  position, 
there  being  no  Spirilli  known  as  plant  pathogens  and  very  few  of  the 
genus  Bacterium  and  still  less  of  the  genus  Micrococcus. 

The  forgoing  may  serve  to  give  a  general  impression  of  the 
history  and  activities  of  students  of  plant  pathology  within  the  field 
of  bacteriology. 

The  following  table  shows  most  of  the  specific  diseases  that 
have  commanded  attention  in  North  America. 

A  straight,  uncrossed  line ,  indicates  the  date  of  first  knowl- 
edge of  the  bacterial  nature  of  the  disease,  or  in  some  instances 
of  the  species  of  bacteria  which  cause  it.  One  cross  mark  — | — , 
indicates  definite  prc^ess  toward  a  cultural  or  morphological  de- 
scription, or  both.  Two  cross  marks  — 1| — ,  indicate  a  rather 
comprehensive  bacterial  study.  Three  cross  marks  — 1 1 1 — ,  indicate 
that  quite  complete  bacterial  study  has  been  made.  Two  stars  **, 
indicate  that  the  disease  is  one  of  much  importance  in  this  country ; 
one  star  *,  that  it  is  important  but  not  of  first  rank.  Those  with 
tm  star  are  little  known,  or  are  of  narrow  geographic  range  or  of  lit- 
tle import.  Numbers  in  the  table  refer  to  the  bibliography  in  Stevens, 
"Fungi  Which  Cause  Plant  Disease,"  beginning  on  page  53.  "a.b." 
indicates  that  reference  may  be  found  in  the  "Additional  Bibliog- 
raphy" of  the  same  work. 

In  general  it  is  noted  that  very  few  bacterial  diseases  were 
known  prior  to  1886  but  that  from  then  onward  there  has  been  a 
steady  increase  in  their  number. 

Studies  in  any  way  complete  were  very  few  prior  to  1895  but 
became  much  more  abundant  after  that  time  and  the  newly  de- 
scribed diseases  which  take  their  places  in  our  table  in  later  years 
frequently  first  appear  before  us  with  details  well  worked  out.  In 
particular  is  this  very  satisfactory  condition  true  within  the  last 
decade  and  a  half. 

Time  forbids  discussion  of  these  diseases,  64  in  number  on 
more  than  70  hosts.    A  few  however  demaild  special  mention. 

BacUlus  amylovorus,  the  cause  of  the  pome  blight  is  widespread 
and  the  cause  of  immense  pecuniary  loss. 

Pseudomonas  radicicola  occupies  the  anomalous  position  of  be- 
ing a  beneficial  disease.  The  progress  of  knowledge  concerning  it 
is  not  indicated  in  the  table. 
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Pseudomonas  solanacearum  is  very  wide-spread  and  destruc- 
tive as  are  also  Pseudomonas  campestris  and  Bacillus  tracheiphUus. 
Bacillus  carotovorus  is  the  cause  of  soft  rot  of  parenchyma  on  many 
hosts  and  the  loss  of  much  produce  during  storage. 

The  bacterial  leaf  galls  of  the  Rubiaceae,  originally  described 
by  Zimmermann,  are  of  particular  interest  as  possible  cases  of  sym- 
biosis rather  than  parasitism. 

Pseudomanos  tumefaciens,  the  cause  of  crown  gall  on  numerous 
hosts,  has  been  shown  by  Dr.  Smith  and  his  assistants  in  a  series 
of  noteworthy  investigations  to  furnish  example  of  a  here-to-fore 
unsuspected  type  of  plant  disease,  in  many  respects  analogous  to 
human  cancer.  These  investigations  were  prosecuted  by  overcom- 
ing great  technical  difficulties  of  staining  and  culturing  and  yielded 
results  amazing  from  the  viewpoint  of  anatomy  and  pathology  and 
suggestive  and  stimulative  of  investigation  relative  to  htmian  cancer. 

Bacillus  avefUB  with  Pseudomonas  avena  presents  an  unique 
case  of  S3mibiosis  in  that  the  latter  organism  is,  according  to  the 
work  of  Manns,  much  more  productive  of  disease  when  accom- 
panied by  the  former  organism. 

Bacillus  coli  as  the  cause  of  a  very  destructive  bud  rot  of  the 
cocoanut  is  especially  interesting.  One  is  loath  to  accept  the  con- 
clusion but  the  work  upon  which  it  is  based  is  well  done.  The  ex- 
perimental evidence  is  that  the  bud  rot  organism  is  in  all  ways 
indistinguishable  from  animal  Bacillus  coli  and  that  Bacillus  coli 
from  animals  will  cause  the  typical  rot.    The  case  is  still  sub  judice. 

Pseudomonas  citri  is  one  of  the  latest  to  attract  attention  as 
the  cause  of  the  very  serious  Citrus  canker  which  bid  fair  to  make 
destructive  inroads  upon  fruit  culture  in  the  Gulf  states. 

Several  of  the  organisms  or  diseases  listed  above  are  so  poorly 
described  as  to  be  unrec(^;nizable,  thus  it  is  probable  that  some  of 
these  earlier  ones  are  identical  with  those  later  listed  as  distinct  and 
definitely  described  species. 

As  to  practical  results  in  the  way  of  prevention,  the  situation 

is  not  so  hopeful  as  in  the  case  of  diseases  due  to  the  Eumycetes. 

Tbe  value  of  the  knowledge  is  that  knowing  the  cause  and  perhaps 

the  mode  oi  hibernation  and  transmission,  proper  hygienic  measures 

may  be  practiced.    Dispersal  upon  seeds  may  be  avoided  by  seed 
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treatment;  dispersal  by  insects  by  combating  the  insects  directly. 
Main  sources  of  infection  may  be  destroyed  by  fire,  by  the  cutting 
and  burning  of  diseased  parts;  distribution  through  the  manure 
pile  by  care  to  avoid  infecting  the  manure  by  diseased  refuse. 

In  common  with  other  fields  of  bacteriology  there  is  need  here 
of  fundamental  knowledge  of  the  biology  of  bacteria,  their  vari- 
ability, methods  of  classification^  a  stable  system  of  nomenclature, 
of  enyzmes,  toxins,  morbid  histology,  life  histories,  extra-parasitic 
existence,  persistence  in  soil,  agents  of  transmission,  climatic  rela- 
tions. The  way  is  long,  the  difficulties  numerous.  Much  has  been 
accomplished  but  much  more  remains  to  be  done. 

I  cannot  close  this  brief  and  manifestly  inadequate  presentation 
without  paying  especial  tribute  to  the  work  of  Dr.  T.  J.  Burrill, 
the  deceased  president  of  this  society  and  that  of  Dr.  Erwin  F. 
Smith,  whose  Treatise  "Bacteria  in  Relation  to  Plant  Disease" 
which  though  incomplete,  already  comprises  three  quarto  volumes 
that  are  models  of  completeness;  whose  numerous  single  papers 
have  enriched  the  world  and  whose  careful  judgment,  and  high 
standards  of  work  and  presentation  have  done  much  to  influence  the 
standards  of  all  workers  in  this  field. 

(Read  before  the  Society  of  American  Bacteriologists  at  New 
Haven,  Dec.,  1916.) 
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MUSEUM  METHODS 
By  C  C.  Nutting 

Curator,  Miueum  of  Natural  History,  State  Unirertity  of  Iowa 

It  should  be  understood  to  b^in  with  that  we  are  dealing  with 
methods  applicable  to  a  zoological  museum  connected  with  a  col- 
legiate institution,  a  problem  diflFerent  in  several  important  partic- 
ulars from  that  of  a  municipal  or  state  museum  in  that  the  primary 
ftmction  of  a  collie  museum  is  to  serve  students,  rather  than  the 
general  public.  Systematic  collections,  for  instance,  are  relatively 
more  important  in  a  collie  museum  than  elsewhere;  and  enter- 
tainment, in  itself,  it  not  of  supreme  importance  although  we  can 
by  no  means  n^lect  it  entirely. 

Let  us  first  consider  some  of  the  general  considerations  that 
go  far  to  make  or  mar  any  museum  whatever,  and  none  of  these 
is  more  vital  than  the  problem  of  lighting. 

When  conditions  permit,  a  combination  of  sky-lights  and  high 
side-lights  seems  to  me  to  be  the  best  possible  solution.  In 
^'Mammal  Hall"  and  "Bird  Hall"  which  occupy  the  greater  part 
of  the  third  story  of  our  building,^  this  plan  has  proved  quite  sat- 
isfactory. Incidentally  it  is  economical  of  wall  space,  as  all  of  the 
side  walls  can  be  occupied  by  exhibit  cases  up  to  a  height  of  eight 
feet.  The  light  coming,  as  it  does,  from  above  this  height  is  most 
like  that  out  of  doors  as  to  direction,  and  most  of  the  reflections, 
so  distressing  to  the  museum  man  as  well  as  to  the  visitors,  are 
avoided.  In  some  cases,  where  a  uniform  light  is  required  and 
special  effects  desired,  the  illumination  should  be  entirely  by  electric 
light  which  gives  much  more  imiform  effect  than  can  possibly  be 
secured  by  the  use  of  natural  light.  We  have  adopted  this  plan  in 
our  "Laysan  Exhibit"  which  is  in  the  form  of  a  cyclorama.  An- 
other valuable  feature  of  this  method  is  the  fact  that  we  can  thus 


^Hall  of  Natural  Science,  State  University,  of  Iowa.  The  writer  hat  been  requested 
to  discuss  some  of  the  methods  used  in  the  zoological  museum  of  which  he  has  been 
curator  for  the  past  thirty  years.  Hence  he  feels  free  to  refer  to  this  museum  as  fur- 
nishing illustrations  of  the  points  which  he  desires  to  make  in  this  paper. 
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avoid  almost  entirely  the  bleaching  effect  on  valuable  specimens 
that  seems  to  be  a  natural  concomitant  of  strong  daylight. 

If  neither  of  the  methods  of  lighting  mentioned  above  is  avail- 
able, the  next  best  thing  seems  to  be  the  well  known  "alcove  system" 
so  largely  used  in  most  museums. 

The  next  general  consideration,  and  one  greatly  neglected  in 
many  museums,  is  the  matter  of  a  general  color  scheme  for  a  back- 
ground for  our  exhibition  series.  We  believe  that  this  has  been 
solved  in  a  very  satisfactory  way  in  our  exhibits  of  mammals  and 
birds  by  a  uniform  background  of  dull  light  olive  in  all  of  the  cases 
for  the  systematic  series,  including  the  shelves.  This  color  is  very 
restful  to  the  eye,  forms  a  sufficient,  but  not  too  glaring,  ccMitrast 
with  I  a  vast  majority  of  the  specimens  exhibited,  and  is,  in  fact,  a 
sort  of  impressionist  effect  most  like  that  of  out-of-doors,  with  its 
green  fields  and  forests,  the  commonest  color  in  most  landscapes. 
It  is  the  one  the  eye  is  most  used  to  and  therefore  remarkably  rest- 
ful and  satisfactory. 

For  invertebrate  exhibits  the  problem  is  quite  different.  I  sup- 
pose no  class  of  objects  has  been  more  nearly  the  despair  of  cura- 
tors than  the  alcoholic  collections,  or  those  which  have  to  be  pre- 
served in  fluids.  With  us  all  such  material  is  in  cases  built  on  the 
alcove  plan  with  a  side  light  from  large  windows.  The  object  here 
is  to  make  each  individual  specimen  stand  out  clearly  and  without 
distortion.  We  use  square  museum  jars,  of  course.  The  general 
backgrotmd  is  a  dull  black,  but  each  object  has  its  own  backgroimd 
to  suit  its  general  color.  These  individual  backgrounds  gave  us  a 
lot  of  trouble.  The  glass  plates  that  are  sold  by  dealers  to  put  in 
the  jars  are  expensive  and  it  is  difficult  to  attach  the  specimens  to 
them.  I  have  seen  slate  slabs  used  for  this  purpose,  but  these  are 
nearly  as  troublesome  as  glass.  Finally  we  hit  upon  the  idea  of 
plaster  of  paris  plates  which  are  made  quickly  and  very  cheaply  by 
pouring  the  thin  plaster  on  a  large  sheet  of  plate  glass  and  cutting 
it  in  the  desired  sizes  before  hardening.  These  cost  almost  noth- 
ing, are  practically  indestructible,  can  easily  be  bored  with  holes 
for  the  attachment  of  specimens  and  have  a  beautiful  white  sur- 
face against  which  colored  specimens  stand  out  in  a  very  satisfac- 
tory way. 
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But  light  colored  specimens  must  have  a  darker  background, 
and  we  tried  several  methods  of  painting  or  staining  these  plaster 
plates.  Few  paints  or  stains  are  unaffected  by  alcohol,  formalin 
and  glycerin  preservatives;  and  we  were  fairly  sttmiped  until  we 
tried  Higgins'  indelible  inks  put  on  with  a  brush,  which  worked 
beautifully.  We  can  now  have  backgrounds  to  suit  ourselves  for 
this  very  vexatious  department  of  the  musetun. 

Another  important  point  in  museum  exhibits  is  to  avoid  over- 
crowding. A  number  of  objects,  individually  interesting  and  instruc- 
tive, placed  in  close  proximity  is  most  confusing  to  the  visitor  and 
forms  an  important  contributory  cause  of  "museum  fatigue." 

We  find  that  the  best  results  are  obtained  by  placing  the  square 
jars  some  distance  apart  and  mounting  each  specimen  carefully 
as  a  distinct  entity,  with  nothing  else  sufficiently  near  to  distract  the 
attention  of  the  observer.  Each  jar  has  a  label  glued  to  its  face 
where  it  will  not  obstruct  inspection  of  the  specimen,  and  each  label 
is  covered  with  a  glass  slip,  a  little  larger  than  the  label,  sectu-ely 
cemented  to  the  jar.  In  other  words,  the  label  is  practically  a  part 
of  the  jar,  can  not  be  soiled  nor  easily  displaced  and  is  nearly  in- 
destructible, and  each  specimen  is  a  separate  focus  of  attention. 

"Museum  fatigue"  has  been  ably  discussed  by  Benjamin  Ives 
Gilman  in  the  Scientific  Monthly,  2,  p.  62.  Having  this  in  mind, 
we  avoid  table  cases  over  which  the  visitor  must  bend,  and  use,  so 
far  as  possible,  upright  cases  before  which  he  stands  erect.  We  also 
attempt  to  so  place  specimens  as  to  be  within  eighteen  inches  of 
the  level  of  the  average  eye.  While  this  can  not  be  entirely  carried 
out  on  account  of  enforced  -economy  of  space,  it  is  possible  to  place 
nearly  all  objects  of  real  interest  to  the  ordinary  visitor  in  a  hori- 
zontal band  of  three  feet,  leaving  less  interesting  or  attractive  ob- 
jects to  fill  the  space  above  and  below  this  band. 

Having  considered  the  general  questions  of  proper  lighting, 
backgrounds,  spacing  and  avoidance  of  museum  fatigue,  we  come 
to  a  subject  of  grave  concern  to  the  curator  in  charge  of  the  edu- 
cational museum  and  that  is  the  question  of  systematic  series  versus 
habitat  groups. 

If  the  taxidermist,  or  "preparator,"  as  I  believe  he  prefers  to 
be  called,  is  an  up-to-date  man  and  a  real  artist  he  will  throw  all 
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of  his  influence  in  the  direction  of  preparing  the  beautiful  modem 
habitat  groups  that  are  so  justly  admired  by  the  public  and  so  well 
adapted  to  showing  the  artist's  ability  and  skill.  And  no  one  can 
blame  him  for  this,  as  it  is  the  necessary  expression  of  his  creative 
instinct.  He  has  an  actual  horror  of  rows  of  birds  on  "T"  perches, 
arranged  in  solemn  ranks  and  about  as  inspiring  as  the  tin  soldiers 
of  our  infancy.  Were  the  object  of  the  musetun  simply  to  please 
and  entertain,  his  position  would  be  unassailable.  I  contend,  how- 
ever, that  the  student  of  birds,  for  instance,  should  first  of  all  be 
able  to  identify  at  sight  as  many  of  the  avian  inhabitants  of  his  re- 
gion as  possible.  Habitat  groups,  beautiful  and  true  to  nature  as 
they  sometimes  (not  usually)  are,  are  necessarily  too  limited  in 
number  and  require  too  great  an  expenditure  of  time,  money  and 
space  to  meet  this  primary  educational  need.  On  this  account  I 
would  have  only  so  many  habitat  groups  as  can  be  prepared  and 
installed  without  sacrificing  the  systematic  series,  whose  g^eat  edu- 
cational function,  it  seems  to  me,  justifies  \t$  retention  in  spite  of 
the  opposition  of  the  modem  taxidermist,  with  whose  point  of  view 
we  can  still  have  a  very  real  sympathy. 

Some  well  prepared  groups  should,  however,  be  in  every  zoo- 
logical museum.  By  this  I  do  not  mean  the  hap-hazard  throwing 
together  of  specimens  and  accessories  that  is  such  a  painful  feature 
in  too  many  museums;  but  real  pictures,  correct  and  satisfying 
from  both  the  scientific  and  artistic  points  of  view,  such  as  are  now 
seen  in  most  of  our  great  museums  and  some  of  the  smaller  ones. 

A  compromise  between  the  systematic  series  on  "T"  perches 
and  the  habitat  group  idea  has  been  attempted  in  some  museums 
and  has  attained  a  certain  vogue.  I  refer  to  imitation  or  natural 
branches,  tree  tmnks,  etc.,  with  leaves  and  other  accessories,  each 
with  its  bird  or  pair  of  birds  with  perhaps  a  nest,  all  fastened  to 
the  common  background  of  the  case.  Like  most  compromises  this 
arrangement  is  unsatisfactory,  to  me  at  least.  It  is  "neither  fish, 
flesh  nor  good  red  herring."  The  result  is  a  sort  of  patch-work 
resembling  the  crazy  quilt  of  our  youth.  The  specimens  are  usually 
crowded  together  to  economize  space,  and  even  if  the  separate  pieces 
are  well  done  there  is  a  painful  sense  of  confusion  as  the  eye  tries 
to  take  in  too  many  details  at  once.    On  the  other  hand,  the  pri- 
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mary  object  of  the  systematic  series  is  lost  because  the  specimens  can 
not  easily  be  handled  nor  removed  from  their  cases. 

In  the  Hancock  Museum  on  Newcastle-on-T)me  is  the  best  ex- 
hibit that  I  have  seen  along  this  line.  It  consists  of  walls  com- 
pletely occupied  by  small  box  cases  of  uniform  or  interchangeable 
sizes,  each  with  a  pair  of  birds  with  well  chosen  accessories  and  a 
separate  painted  background.  I  do  not  think,  however,  that  even 
this  is  as  available  for  a  coU^e  museum  as  the  old-fashioned  series 
on  uniform  perches,  with  no  atempt  whatever  at  accessories,  but  in- 
terspersed here  and  there  with  a  few  really  good  and  well  chosen 
habitat  groups. 

The  question  of  securing  material  for  our  exhibit  might  well 
have  been  discussed  earlier ;  but  the  general  considerations  already 
touched  upon  should,  in  my  opinion,  be  settled  before  the  collections 
are  secured.  How  a  musetun  should  not  be  built  up  is  sadly  illus- 
trated by  a  majority  of  American  institutions.  These  are  the  re- 
sult of  gradual  accretion  of  well-meant  but  disastrous  donations  of 
specimens  and  collections  from  amateur  collectors  and  ''taxider- 
mists" who  have  acquired  a  heterogeneous  lot  of  material  of  which 
they  have  become  tired  and  whose  room  is  better  than  its  company. 

Individually  and  collectively  such  aggregations  are  usually  of 
little  value  to  an  up-to-date  museum.  The  taxidermy  is  ordinarily 
atrocious  and  the  data  deficient  or  wanting.  Often  they  are  re- 
garded with  ^^egious  pride  by  their  donor  or  his  heirs. 

To  decline  such  collections  is  apt  to  land  the  curator  in  high 
disfavor  with  people  who,  after  all,  believe  that  they  are  doing  a 
highly  laudable  thing.  Nowhere  else  is  a  superior  diplomacy  more 
necessary  than  here,  where  the  conscientious  museum  man  is  called 
upon  to  avoid  serious  offense  to  friendly  people  on  the  one  hand 
and  disaster  to  his  exhibit  on  the  other. 

The  best,  and  ordinarily  the  only,  satisfactory  way  to  secure 
material  is  to  go  after  it  yourself,  or  send  thoroughly  competent  men. 
These  men  should  not  only  be  naturalists,  but  highly  trained  col- 
lectors. As  a  general  thing  the  man  who  is  eventually  to  mount  or 
otherwise  put  the  collection  on  exhibit  should  have  as  free  a  rein 
as  possible.  If  habitat  groups  are  contemplated  a  competent  artist 
should  go  along  to  prepare  sketches  and  details  for  the  background. 
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If  he  and  the  taxidermist  can  properly  "hit  it  off"  together,  the  best 
results  will  be  attained. 

Perhaps  I  may  be  permitted  to  refer  once  more  to  our  Laysan 
Island  exhibit,  the  most  ambitious  and  satisfactory  thing  that  we 
have  attempted.  After  the  expedition  was  organized,  and  financed 
through  donations  from  students  and  friends,  it  was  placed  abso- 
lutely in  the  hands  of  Professor  Homer  R.  Dill  who  finally  prepared 
the  exhibit.  We  were  also  most  fortunate  in  securing  the  services 
of  Mr.  Charles  A.  Corwin,  whose  backgroimds  in  the  Field  Columbi- 
an Musetun  have  been  so  unusually  beautiful  and  satisf3ring,  as  a 
member  of  the  party.  An  assistant  taxidermist  and  general  utility 
man  were  added.  The  amount  of  work  done  and  material  secured 
by  this  party  of  four  men  in  the  short  time  that  they  were  permitted 
to  remain  on  the  Island  was  astonishing.  Accessory  material,  such 
as  bushes,  samples  of  coral  rock,  leaves,  grasses,  entire  nests  of  many 
species,  an  ample  series  of  sketches  in  oil  by  the  artist,  hundreds  of 
photographs  and  a  collection  of  bird  skins  most  beautifully  prepared 
in  spite  of  the  haste  and  pressure  under  which  the  work  was  accom- 
plished ;  all  these  were  secured,  packed  and  transported  to  their  des- 
tination without  appreciable  damage. 

Then  the  masterly  work  of  Professor  Dill  could  be  built  upon 
a  proper  foundation  of  field  observation,  and  the  hearty  and  ef- 
ficient co-operation  of  Mr.  Corwin  in  painting  his  beautiful  back- 
ground representing  the  wind-swept  mid-Pacific  Island  with  its 
surrounding  reefs  and  Ocean  has  resulted  in  a  piece  of  work  that 
is  a  delight  from  the  standpoint  of  both  naturalist  and  artist.  This 
background  is  12^x138',  forming  a  cyclorama  in  which  the  back- 
ground and  for^^ound  is  joined  with  consummate  skiH  through 
the  combined  artistry  of  these  two  men. 

The  modem  museum  must  have  a  taxidermist  (or  preparator, 
if  you  will)  not  only  up  to  date  in  the  technic  of  the  art,  an  artist 
not  only  in  skill  but  in  feeling;  but  he  should  be  a  man  able  to  ad- 
vance the  work  by  original  ideas.  In  our  museum  that  man  is  Pro- 
fessor Dill.  He  has  prepared,  for  instance,  several  mammal  groups 
that  diflfer  in  conception  from  previous  work.  Such  are  the  Moun- 
tain Lion  group  in  which  the  observer  is  inside  the  den,  looking  out 
of  the  rugged  entrance  upon  an  alpine  scene  of  quiet  beauty  ilium- 
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inated  by  concealed  electric  lights ;  and  a  "flash-light"  picture  of  Vir- 
ginia Deer  by  a  quiet  woodland  pool  on  a  frosty  night 

Ai^Kirently  trivial  details  will  often  determine  the  success  or 
failure  of  a  group.  Snow  and  water  must  not  look  like  frosting 
on  cake  or  glass  or  glue.  An  effective  composition  to  fill  out  and 
sustain  the  ears  of  large  mammals  must  be  light  and  hard,  but  not 
brittle.  One  of  the  most  difEcult  classes  of  objects  to  make  pleasing 
and  natural  is  mounted  fish  and  particularly  their  fins.  The  de- 
greasing  of  old  and  more  or  less  "burnt"  skins  without  injury  has 
long  been  a  problem.  These  difficulties,  and  others,  have  been  suc- 
cessfully surmounted  in  our  case  by  Professor  Dill  who  will,  we 
hope,  some  day  give  to  the  world  the  details  of  his  methods. 

Many  points,  such  as  the  importance  of  securing  and  properly 
storing  the  reserve  or  study  series,  the  whole  matter  of  satisfactory 
labeling,  the  question  of  steel  versus  wooden  cases,  the  proper  ex- 
hibition of  small  objects  such  as  moUusks  and  of  microscopic  forms 
such  as  Foraminifera,  label  holders,  museum  records,  etc.,  must 
be  left  untouched;  for  this  article  has  already  claimed  too  much 
space. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


THE  GROWTH  OF  AMGEBA  ON  A  SOLID  MEDIUM 
FOR  CXASS  USE 

By  M.  W.  Welch 

In  December,  1914  the  class  in  laboratory  methods  at  the  Uni- 
versity of  Michigan  was  studying  the  methods  of  isolating  and  cul- 
turing  for  class  use,  various  living  forms,  especially  protozoans. 
The  amoeba  proved  to  be  the  most  difficult.  It  was  not  practical 
to  isolate  in  order  to  start  a  pure  culture,  and  those  cultures  which 
were  made,  were  more  or  less  uncertain,  both  as  to  the  niunber  of 
amoeba  and  the  time  they  would  last.  Dr.  George  R.  La  Rue,  the 
instructor  of  the  class,  suggested  that  it  might  be  possible  to  grow 
some  forms  for  class  use  on  a  solid  medium. 

The  preliminary  work  was  just  under  way  when  Dr.  James 
B.  Pollock,  in  isolating  Azotobacter  from  the  soil,  found  a  large 
number  of  small  amoebae  in  his  cultures.  These  were  examined  and 
cultured  on  various  media.  Doctor  Pollock  pointed  out  that  Azoto- 
bacter would  be  a  good  organism  to  use  for  feeding  amoebae,  as 
this  bacterium  can  be  cultured  on  nitrogen-free  media.  Such  me- 
dia would  not  readily  become  contaminated  with  many  fungi  and 
bacteria  which  had  been  giving  trouble  in  the  previous  work.  This 
has  been  the  essential  key  to  all  future  work.  A  summary  of  the 
experiments  on  culturing  the  soil  amoebae  was  read  before  the  Michi- 
gan Academy  of  Science,  1915  by  Miss  Kniseley,  who  had  carried 
on  the  work  as  a  class  problem. 

In  May,  1915  the  work  of  further  culturing  amoebae  was  as- 
signed to  me,  as  Miss  Kniseley  had  left  the  problem  unfinished. 
On  May  20th  inoculations  were  made  onto  ten  slants  of  Ashb/s 
Agar  Medium  (Ashby,  1907:  54)  from  the  inactive  tubes  of  Miss 
Kniseley.  In  three  to  five  days  these  all  showed  large  numbers  of 
very  active  soil  amoebae.  In  twelve  to  fourteen  days  practically  all 
of  the  amoebae  had  become  encysted.  All  later  observations  have 
borne  out  these  results.  Further  work  has  not  been  done  on  the 
life  history  of  this  amoeba. 


Digitized  by  VjOOQIC 


22  M.   W.   WELCH 

The  object  of  my  work  was  to  find  some  form  suitable  for 
class  study  which  associated  with  an  easily  attainable  bacterium 
would  grow  on  a  synthetic  medium.  Many  attempts  were  made  to 
isolate  large  amoebae  from  aqueous  cultures  and  to  inoculate  the 
soil  amc3eba  cultures  with  them.  None  of  these  proved  successful, 
and  in  June  preparations  were  made  to  keep  the  cultures  running 
over  the  stunmer.  For  this  purpose  a  new  medium  was  selected. 
This  was  suggested  in  a  paper  by  Miss  Mockridge  ( 1912 :871 ) .  The 
formula  used  was  a  modification  of  the  formula  given  in  her  paper 
for  growing  Azotobacter.    The  medium  as  used  is  as  follows : 

Dextrine   10.0  grm. 

Di-potassium  phosphate  2.0  grm. 

Magnesium  sulphate  02  grm. 

Calcium  carbonate  0.2  grm. 

Agar  agar   / 10.0  grm. 

Distilled  water  : 1000.0  c.  c. 

It  should  be  noted  that  this  formula  is  for  a  nitrogen-free  nutri- 
ent solution.  This  character  makes  it  practically  possible  to  inocu- 
late from  aqueous  cultures  without  serious  contamination. 

During  the  summer  the  slants  and  cultures  were  taken  to  Lane 
Collie,  Chicago  and  attempts  to  isolate  large  amoeba  and  inocu- 
late onto  the  cultures  were  continued.  An  aqueous  culture  obtained 
while  there,  proved  to  be  very  plentifully  filled  with  amoebae — ^five  to 
ten  in  most  low  power  fields.  Attempts  to  isolate  and  inoculate 
from  this  culture  proved  unsuccessful.  A  rougher  method  was 
then  tried.  A  few  drops  of  the  aqueous  culture  were  put  into  each 
of  ten  of  the  tube  cultures  of  Azotobacter  and  soil  amoebae.  In 
twenty-four  hours  two  of  the  tubes  were  plentifully  covered  with 
the  larger  amoebae,  and  in  three  days  all  showed  excellent  growths. 
These  ten  tubes  remained  active  for  sixteen  days  to  two  months. 
Transplants  from  these  cultures  in  an  active  state  gave  new  growths 
of  Azotobacter,  soil  amoebae  and  large  amoebae.  Various  other  forms 
that  were  in  the  original  aqueous  cultures  have  disappeared  after 
numerous  transplants.  Now,  after  270  transplants  and  selections, 
the  cultures  apparently  show  only  bacteria,  a  tiny  fungus,  soil  amoe- 
bae, and  the  larger  amoebae. 
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This  large  amoeba  is  very  excellent  for  class  use.  When  ex- 
tended it  measures  from  90fi  to  ISOji.  In  general  appearance  it  is 
very  much  like  Amoeba  proteus,  but  it  is  slightly  smaller,  and  its 
pseudopodia  are  frequently  sharper  than  in  the  most  typical  form 
of  Amoeba  proteus.  It  is  readily  mistaken  for  Amoeba  proteus  until 
it  is  killed  and  stained,  in  which  case  the  nucleus  is  found  to  be 
round  with  a  clearly  marked  nuclear  membrane.  In  the  cultures 
the  amoebae  are  quite  active,  as  well  as  being  ntmierously  distributed. 
One  small  platintmi  loop  from  the  culture  may  have  from  50  to 
200  or  more  amoebae.  One  tube  will  furnish  sufficient  material  for 
a  class  of  40.  These  cultures  have  been  used  with  good  success 
this  year  at  the  University  of  Michigan  and  in  various  high  schools. 

Once  started,  it  is  very  easy  to  keep  cultures  of  this  amoeba 
going  indefinitely,  thus  assuring  plenty  of  amoebae  for  class  use  at  all 
times.  The  cultures  are  kept  as  any  ordinary  bacterial  culture,  no 
special  methods  being  necessary.  Transplants  must  be  made  while 
the  amoebae  are  growing,  and  preferably  while  they  are  numerously 
distributed  over  the  culture.  They  may  be  kept  at  ordinary  room 
temperature,  but  must  not  be  exposed  to  direct  sunlight.  It  is  bes£ 
to  keep  ten  cultures  going  in  order  to  insure  a  good  quantity  in 
some  of  the  tubes.  A  life  history  of  one  of  the  tubes  will  show 
how  often  transplants  have  been  made;  these  were  usually  made 
from  the  tubes  having  the  most  amoebae  present  in  them. 

Date  of  original  inoculation  from  aqueous  cultures,  6/30/15. 

Date  of 

Inoculation  ^^^^ 

5/10/16  II  N 

4/5/16  II  A 

3/8/16  II  C 

2/15/16  II  A 

12/17/15  Fr  II. 

11/30/15  Fr  11. 

9/21/15  Fr  II 

Two  plans  of  procedure  for  cultivation  of  amoebae  are  here 
given.  The  work  should  be  carried  on  by  one  who  is  at  least  slightly 
familiar  with  methods  of  culturing  bacteria  or  fungi.    The  first 
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is  given  as  a  guide  to  a  rapid  method  for  starting  and  maintaining 
the  cultures. 

1.  Prepare  nutrient  agar  slants  in  test  tubes,  using  the  formula 

given  heretofore. 

2.  Obtain  a  culture  of  the  amoebae/ 

3.  Make  transplants  onto  ten  tubes. 

4.  Keep  at  room  temperature  out  of  direct  sunlight.    Examine 

after  four  or  five  days. 

5.  Examine  in  five  to  eight  weeks  and  make  ten  new  transplants 

from  the  best  tube.    By  continuing  this  method  an  abundance 
of  amoebs  will  be  assured  at  all  times. 

The  second  plan  of  procedure  is  much  more  comprehensive 
and  is  intended  as  a  guide  to  those  who  care  to  start  the  method 
from  the  banning. 

Isolation  of  Azotobacter  from  the  Soil 

1.  Select  five  grams  of  poor  soil  and  shake  with  about  thirty 
cubic  centimeters  of  distilled  water. 

2.  When  the  soil  has  settled,  inoculate  five  drops  of  the  liquid 
into  each  of  ten  tubes  containing  the  solution  heretofore  given, 
omitting  the  agar. 

3.  After  three  to  ten  days  examine  the  tubes  for  Azotobacter. 
From  the  tube  showing  the  best  growth,  inoculate  into  three  tubes 
containing  liquid  agar  of  the  given  nutrient  solution,  at  42®  C.  in 
the  following  manner:  a.  Three  loops  into  the  first  of  the  three 
tubes.  Shake  well.  b.  Three  loops  from  the  first  tube  into  the  sec- 
ond and  shake,    c.  Three  loops  from  the  second  tube  into  the  third. 

(Reference  to  almost  any  text  book  on  microbiology  will  give 
the  general  methods  for  preparing  agar  slants,  and  for  isolating 
bacteria  by  the  poured  plate  method.  "Microbiology"  by  Giltner, 
Pub.  by  Wiley  and  Son  is  recommended.) 

4.  Pour  the  contents  of  the  three  tubes  into  three  sterile  petrie 
dishes.    Keep  the  dishes  in  a  cool  dark  place. 

5.  After  the  spot  growths  have  started,  examine  them  for 
Azotobacter,  and  make  inoculations  onto  agar  slants  from  the  spot 


^The  author  will  be  glad  to  supply  cultures  to  inyestigators  interested  in  examining 
the  method.  Others  may  buy  them  from  Mr.  W.  J.  Johnson*  1806  Morse  Ave.,  Chi- 
cago* lU. 
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showing  pure  Azotobacter.  (If  any  show  soil  protozoa,  it  would 
be  well  to  make  inoculations  from  them  also,  as  the  amoebae  seem  to 
thrive  better  when  associated  with  them.) 

Obtaining  Amgbb^ 

6.  At  the  same  time  that  the  work  of  isolating  Azotobacter  is 
being  started,  take  steps  to  obtain  amccbae.  Jenning's  (1903:  2406) 
method  of  culturing  amoebae  and  other  protozoa  for  class  use  is 
recommended. 

7.  When  the  tubes  containing  Azotobacter  are  ready,  and  a 
culture  plentifully  supplied  with  amoebae  is  present,  inoculate  each 
of  the  ten  tubes  of  Azotobacter  with  a  few  drops  from  the  aqueous 
culture.  This  step  may  have  to  be  repeated  a  number  of  times  from 
different  cultures  until  an  amoeba  which  will  feed  on  Azotobacter 
is  found. 

8.  The  cultures  may  be  maintained  by  following  steps  1,  3,  4, 
and  5  of  the  first  method. 
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DEPARTMENT  OF  NOTES,  REVIEWS,  ETC. 

It  is  the  purpose,  in  thi&  department,  to  preaent  from  time  to  time  brief  original 
Qotes,  both  of  methods  of  work  and  of  results,  by  members  of  the  Society.  All 
members  are  inrited  to  submit  such  items.  In  the  absence  of  these  there  will  be  giyen  a 
few  brief  abstracts  of  recent  work  of  more  general  interest  to  students  and  teachers. 
There  will  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations,  and 
to  the  iM^ated  student  suggestions  of  suitable  fields  of  inyestigation. — [Editor.] 


AN  APPARATUS  FOR  GRADUAL  DEHYDRATION 

In  working  with  delicate  tissues,  the  more  gradual  the  exchange 
of  fluids  the  less  likely  are  osmotic  distortions  to  occur.  The  ap- 
paratus here  described  was  devised  to  bring  about  an  exchange  of 
fluids  using  the  minimum  amounts,  without  abrupt  transitional 
changes,  while  at  the  same  time  controlling  the  rate  of  change  from 
one  density  to  another. 

In  Figure  1,  an  outer  tube  (a)  carrying  a  small  bulb  below  it, 
receives  an  inner  tube  (b)  fitting  the  outer  rather  closely  for  some 
distance  from  the  top,  and  tapering  below  to  a  capillary  of  about 
1mm.  diameter.  This  capillary  (c)  is  recurved  at  the  end  to  pre- 
vent back-flow.  The  bulb  (f)  and  the  stem  below  it  are  padced 
with  cotton  or  other  porous  material  to  insure  mixing  of  fluids 
passing  thru.  A  short  length  of  rubber  tubing  (g)  connects  the 
stem  below  the  bulb  with  a  glass  tube  (h)  drawn  out  to  a  capillary 
point,  and  thrust  into  the  tubing  point  upward.  The  size  of  the 
capillary  opening  of  this  tip  determines  the  rate  of  flow.  Its  in- 
sertion into  the  tubing  point  upward  renders  clogging  improbable, 
and  eliminates  any  resistance  that  capillary  action  in  this  end-piece 
might  occasion.  A  container  for  tissues  (i)  with  its  overflow  (k) 
completes  the  apparatus.  The  whole  is  supported  by  two  clamps 
on  a  ringstand,  one  holding  the  tube  (a)  the  other  the  container  (i). 
The  overflow  is  caught  in  a  waste  receptacle  below. 

Let  us  suppose  we  wish  to  pass  bits  of  tissue  from  50  to  95% 
alcohol.  A  series  of  pieces  suspended  on  a  thread  or  placed  be- 
tween loose  plugs  of  cotton  are  held  in  a  container  (i)  of  minimum 
length  and  diameter  that  will  accommodate  them.    The  smaller  the 
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diameter  of  the  container  the  faster  will  the  current  of  alcohol  move 
past  the  tissues,  and  the  more  quickly  remove  waste  products  soaked 
from  them.  A  plug  on  the  end  of  a  wire  is  inserted  from  the  top 
of  the  apparatus  into  the  taper  near  the  bottom  of  (b),  and  50% 
alcohol  is  poured  in.  Enough  should  be  allowed  to  flow  past  the 
plug,  (by  raising  it  slightly)  to  fill  the  bulb  (f )  up  to  the  bottom 
of  the  outer  tube.  Ninety-five  per  cent  alcohol  is  then  poured  into 
the  outer  tube  at  the  lip  on  its  upper  edge,  until  full.  The  amoimt 
of  50%  placed  in  the  inner  tube  should  be  a  very  little  more  than 
enough  to  balance  the  column  outside,  since  the  two  are  to  be  in 
equilibrium  during  operation.  This  amount  may  be  ascertained 
by  trial  or  by  computation,  and  indicated  by  a  scratch  on  the  glass. 
It  may  be  computed  by  figuring  the  height  of  a  column  of  50% 
alcohol  in  the  inner  tube  that  will  balance  the  outer  tube  filled  full. 
Let  this  height  be  represented  by  (y),  that  of  the  inner  column  by 
(x).    If  X  is  the  density  of  50%  alcohol  and  Y  of  95%,  then 

xX— yY,  and  x— Ity-  W  a  little  more  than  enough  to  balance  is 

placed  in  the  inner  tube  it  will  do  no  harm,  as  it  will  flow  thru  the 
capillary  and  remain  beneath  the  lighter  fluid.  If  the  other  flows 
back  however  it  rises  thru  the  heavier  liquid  and  contaminates  it, 
and  further  disturbs  the  equilibrium  by  rendering  the  column  of 
fluid  thru  the  capillary  too  light. 

The  first  fluid  issuing  from  the  apparatus  will  be  pure  50% 
alcohol  from  the  mixing  bulb.  As  the  liquid  is  drawn  oflF,  and  the 
levels  of  the  two  containers  lower,  (the  two  columns  remaining  in 
equilibrium,)  the  proportion  of  the  heavier  alcohol  drawn  from  the 
inner  tube  will  decrease  from  100%  to  0,  while  the  proportion  of 
lighter  alcohol  drawn  from  the  outer  tube  will  increase  from  0  to 
100%.  The  resultant  liquid  dropping  into  the  container  after  being 
mixed  in  the  cotton  packed  bulb  will  consist  of  a  perfectly  graduated 
column  of  alcohol  varying  from  50%  to  95%,  which  will  move 
slowly  past  any  tissues  that  may  be  suspended  in  the  container. 
After  iht  apparatus  has  run  dry,  a  little  more  95%  alcohol 
dripped  thru  will  force  the  graduated  column,  or  the  last  end  of  it, 
past  the  tissues,  and  leave  them  in  pure  95%.    Without  removing 
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from  the  container  they  may  be  put  thru  further  changes  with  other 
fluids. 

To  pass  tissues  from  a  higher  to  a  lower  alcohol,  or  from  a 
light  to  a  dense  fluid  in  general,  requires  a  modification  of  this  ap- 
paratus. If  the  heavy  fluid  were  placed  in  the  outer  tube,  to  reverse 
the  process  as  described  above,  the  content  of  the  inner  tube,  as  it 
proceeded  from  the  capillary  opening,  would  rise  thru  the  heavier 
liquid  without  mixing.  One  of  two  methods  can  be  employed  to 
prevent  this.  Either  the  taper  can  be  blown  in  the  opposite  direc- 
tion, large  and  tight  fitting  at  the  bottom  and  small  at  the  top;  or 
the  method  of  delivering  the  two  fluids  into  the  mixing  chamber 
may  be  modified. 

Figure  2  shows  the  apparatus  with  a  cork  (e)  fitted  into  the 
neck  between  tube  and  mixing  bulb.  A  piece  of  rubber  tubing  (j) 
is  fitted  thru  the  center  of  the  cork,  and  a  recurved  capillary  tube 
(d)  thru  one  side  of  the  center.  For  greater  facility  in  cleaning, 
replacement  of  parts,  and  construction  or  readjustment  of  the  ap- 
paratus the  outer  tube  (a)  and  the  mixing  bulb  (f)  can  be  made 
separate  and  held  together  by  inserting  the  cork  into  the  end  of  each. 
The  ideal  construction  would  by  a  ground  joint  such  that  the  upper 
part  would  fit  into  the  lower  as  a  ground  glass  stopper  fits  a  bottle ; 
the  cork  being  first  inserted  into  the  bottom  of  the  upper  section. 
The  lighter  liquid  is  placed  in  the  inner  tube,  which  fits  tightly  into 
the  rubber  tubing  thru  the  cork.  Enough  is  allowed  to  run  thru 
into  the  bulb  to  fill  this  as  before.  The  outside  tube  is  filled  with  the 
heavy  liquid,  to  a  height  to  balance  the  inner  column.  The  tubes 
are  made  to  fit  tightly  for  some  distance  from  the  top,  and  the  taper 
of  the  inside  tube  should  begin  at  the  level  to  which,  when  the  appa- 
ratus is  used  to  pass  from  lighter  to  denser  fluids,  it  will  be  necessary 
to  fill  the  outer  tube.  (This  will  not  hinder  its  operation  in  the 
reverse  process.)  The  tissue  holder  must  be  reversed  so  that  the 
flow  is  in  thru  the  smaller  arm  and  out  at  the  top  of  (i).  This  arm 
(k)  should  not  be  more  than  a  millimeter  or  two  in  diameter. 

The  contents  of  the  mixing  chamber,  being  of  the  lighter  fluid, 
may  come  down  after  the  upper  part  of  the  apparatus  is  exhausted, 
and  contaminate  the  tissues  again.  Either  the  apparatus  must  be 
watched,  or  the  arm  (k)  made  so  little  higher  than  the  container 
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that  when  the  arm  fills  with  the  lighter  liquid  it  will  overflow  before 
it  forces  any  of  the  lighter  liquid  to  the  inlet  at  the  bottom.  *When 
the  apparatus  is  empty  a  little  more  of  the  heavy  fluid  dripped  thru 
as  in  the  former  operation  will  replace  the  last  of  the  column  of 
mixed  fluids. 

Several  points  should  be  noted  in  the  construction  of  the  ap- 
paratus. 

The  inner  tapering  tube  is  not  blown  as  a  straight  cone,  but 
flares  at  the  middle.  The  curve  of  its  side  may  be  computed  simply. 
Let  D  be  the  diameter  of  the  tube  at  the  wide  top.  The  volume  of 
a  short  section  of  the  tube  at  that  region  is  D*  times  a  constant.  If 
volumes  of  such  sections  are  to  be  made  to  decrease  equably  from 
top  to  bottom,  to  obtain  a  change  in  the  relative  amounts  of  the  two 
liquids  proportional  to  the  time  of  operation,  the  diameters  corre- 
sponding to  these  decreasing  volumes  in  the  inner  tube  must  de- 
crease as  the  square  root  of  the  volumes.    So  the  diameter  half  way 

down  must  be  the  square  root  of  -j- ;  that  ^  of  the  way  down  the 
square  root  of  -j-;  that  J4,  the  square  root  of  — 4~>  and  so  forth. 
For  practical  purposes  the  volume  of  the  glass  itself  may  be  dis- 
regarded. 

Unless  the  point  of  this  tapering  tube  is  recurved,  to  form  a 
sort  of  trap,  (also  that  of  the  capillary  tube  (d)  thrust  thru  the 
cork  at  (e),)  the  lighter  liquid  will  diflFuse  upward  thru  the  capillary 
containing  the  heavier  as  soon  as  the  flow  thru  the  latter  becomes 
slow. 

If  the  tubes  fit  too  tightly  at  the  top,  surface  tension  between 
them  may  result  in  an  interference  with  the  balance  between  the 
two  fluids.  This  can  be  obviated  by  blowing  the  outer  tube  with 
a  channel  running  from  the  lip  provided  for  filling  down  the  side 
to  a  distance  beyond  the  b^inning  of  the  taper  of  the  inner  tube. 

A  number  of  different  capillary  tips  to  fit  into  the  rubber  tubing 
at  (g)  may  be  provided,  and  the  flow  regulated  by  a  choice  of  tips, 
or  a  clogged  tip  replaced.  While  the  tip  is  being  removed  the  flow 
can  be  stopped  by  pinching  the  tubing  between  the  fingers.  Other 
devices  for  controlling  flow,  such  as  pinch  cock,  stop  cocks,  etc., 
were  tried,  but  none  is  so  satisfactory  as  the  inverted  capillary. 

No  mention  has  been  made  of  size,  because  the  varying  needs 
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of  the  user  determine  this.  Several  would  be  needed  for  any  gen- 
eral Work.  One  now  in  use,  holding  SOOcc,  empties  in  five  to  six 
hours,  dropping  alcohol,  at  the  rate  of  50  drops  per  minute.  This 
is  very  rapid,  and  the  same  apparatus  can  be  made  to  run  ten  to 
twelve  hours  at  least.  Another  containing  40cc.  runs  two  hours, 
dropping  at  the  rate  of  five  drops  per  minute. 

The  tubes  (a)  and  (b)  must  not  be  too  long  in  proportion  to 
diameter  and  desired  flow,  since  the  taller  the  apparatus  the  greater 
the  difference  in  pressure  between  start  and  finish,  which  means  a 
difference  in  rate  of  flow  correspondingly,  (tho  not  proportionally) 
great.  A  proportion  of  length  to  diameter  of  3  to  1  has  been  found 
most  practical.  A  broader  one  is  disturbed  by  jarring  of  the  ap- 
paratus, and  a  taller  one  varies  considerable  in  rate.  The  mixing 
chamber  should  be  at  least  an  inch  long,  better  an  inch  and  a  half, 
but  may  be  of  small  diameter. 

If  the  fluids  should  be  imperfectly  mixed  when  they  issue  from 
the  apparatus,  the  unmixed  portions  will  almost  immediately  ar- 
range themselves  in  the  container  and  no  harm  result.  With  a 
properly  packed  mixing  chamber  95%  alcohol  and  water  may  be  so 
mixed  that  the  resultant  fluid  shows  no  diffusion  currents  in  the 
container.  It  has  usually  been  found  desirable  however  to  use  two 
fluids  nearer  together  in  density,  as  water  and  50%  alcohol,  then 
50%  alcohol  with  95%  alcohol,  then  95  and  100%  alcohol,  then 
100%  and  a  mixture  of  half  100%  and  half  xylol  or  other  oil,  etc. 
The  result  is  greater  certainty  and  better  efficiency  in  the  use  of 
the  apparatus. 

G.  H.  Bishop. 

Zoological  Laboratories,  U.  of  Wisconsin, 

AN   INDIVIDUAL   PARAFFIN   BATH 

An  improved  form  of  the  Self-Regulating  Paraffin  Bath  as  de- 
signed by  C.  W.  Woodruff,  and  described  in  the  Journal  of  the  Royal 
Microscopical  Society  for  October  of  1914,  has  been  in  use  in  the 
Animal  Biology  Laboratories  at  the  State  University  of  Iowa  for 
nearly  three  years. 

The  original  apparatus  was  made  of  tin,  but  as  tin  rusted  so 
quickly  other  materials  have  been  substituted.  So,  now  the  appara- 
tus consists  of  a  glass  double  cup  blown  in  one  piece,  one  cup  be- 
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ing  within  the  other  separated  by  a  distance  of  approximately  one 
centimeter  at  the  sides  and  two  centimeters  at  the  bottom.  In  addi- 
tion to  this  cup  is  an  ordinary  16  candle-power  electric  bulb,  a  con- 
denser, an  asbestos  container,  and  Acetone  which  is  the  solution 
used  as  the  bath. 

The  inner  glass  cup  is  just  large  enough  to  contain  an  100  c.c. 
alumintun  cup  which  is  removable  and  in  which  are  placed  the  par- 
rafHn  and  tissues  to  be  imbedded.  Good  thermal  contact  between 
the  inner  glass  cup  and  the  aluminum  cup  is  made  by  filling  the 
space  between  them  with  water. 

The  outer  glass  cup  is  connected  with  the  condenser  by  means 
of  a  thistie  tube  which  is  blown  into  the  side  near  the  upper  edge. 
The  distal  end  of  the  thistie  tube  is  expanded  into  a  tube  large 
enough  to  receive  a  No.  10  cork  through  which  projects  the  con- 
denser of  the  ordinary  water  cooled  variety  in  common  use  in 
chemistry  work.  In  the  outer  cup  is  placed  the  solution  which 
forms  the  bath. 

Acetone  is  used  as  the  bath  in  preference  to  chloroform  for 
the  sole  reason  that  its  boiling  point  is  56°  C.  (usually  about  55.5°  C. 
or  lower)  while  the  boiling  point  of  chloroform  (Pure  Chloroform 
for  Anaesthesia)  is  about  58°  C.  and  usually  is  slightiy  higher.  In 
fact  Commercial  Chloroform  can  not  be  used  at  all  as  the  temper- 
ature frequently  exceeds  60°  C.  Except  for  the  fact  that  Acetone 
is  combustible  while  Chloroform  is  not,  Acetone  is  the  better  solu- 
tion of  the  two  for  this  purpose.  However  in  using  either  Ace- 
tone or  Chloroform  a  condenser  is  necessary  in  order  to  keep  the 
bath  from  boiling  dry  and  burning  the  tissues. 

The  asbestos  container  is  built  of  asbestos  paper  and  shredded 
asbestos.  Two  asbestos  paper  cylinders  are  .made  using  a  bottie 
to  give  the  desired  size  and  form.  Cylinder  No.  1  which  is  to  con- 
tain the  electric  bulb  is  placed  in  an  horizontal  position  and  an  open- 
ing the  size  of  cylinder  No.  2  is  cut  in  the  upper  side  near  one  end. 
One  end  of  cylinder  No.  2  is  cut  to  fit  and  placed  in  k  vertical  posi- 
tion over  the  aperture  in  the  side  of  cylinder  No.  1  and  the  edges 
sewed  together.  Then  mixing  the  shredded  asbestos  with  water  it 
forms  a  paste  which  is  moulded  over  the  asbestos  paper  cylinders 
until  the  walls  are  quite  thick. 
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The  bottles  are  now  removed,  the  electric  bulb  is  placed  in 
cylinder  No.  1,  and  the  ends  closed  with  paste.  The  glass  double 
cup  is  also  placed  in  position  in  the  top  of  cylinder  No.  2,  and  the 


A,  Water-jacket  about  aluminum  cup; 
A',  Water-jacket  of  Condenser; 

B,  Aluminum  Cup; 

C,  Inner  glass  cup; 

D,  Outer  glass  cup; 

E,  Acetone  bath; 

F,  Thistle  tube; 

G,  Cork; 

H,  Condenser; 

/,  Electric  Bulb; 

/,   Switch; 

K,  Asbestos  Container. 


II 


I 
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Electric  Paraffin  Bath 
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paste  carefully  moulded  about  it.  The  current  is  now  switched  on 
and  the  apparatus  set  aside  for  the  asbestos  to  dry  out. 

In  the  drying  of  the  asbestos  care  must  be  taken  that  it  does 
not  crack  as  it  shrinks  a  great  deal  in  the  process.  In  fact  it  is 
better  to  allow  the  asbestos  to  dry  without  the  glass  cup  in  posi- 
tion after  which  the  container  may  be  pared  out  to  fit  the  cup.  Any 
patching  necessary  may  be  easily  and  neatly  done  by  adding  asbestos 
paste. 

In  operation  the  outer  cup  is  filled  about  half  full  of  Acetone, 
the  top  of  the  condensing  tube  is  left  uncorked  (it  being  necessary 
to  keep  it  corked  when  the  apparatus  is  not  in  use  to  prevent  the 
loss  of  the  Acetone  by  evaporation),  the  aluminum  cup  with  its 
water  jacket  is  placed  in  the  inner  glass  cup  and  the  water  current 
in  the  condenser  and  the  electricity  are  turned  on. 

In  order  to  save  time,  as  the  temperature  of  the  apparatus  is 
so  near  the  melting  point  of  paraffin,  it  is  better  to  melt  the  paraffin 
before  placing  it  in  the  apparatus.  Care  must  be  taken  however 
that  the  heat  of  the  aluminum  cup  and  paraffin  does  not  break  the 
glass  cups.  This  danger  can  be  avoided  by  having  plenty  of  water 
in  the  inner  cup  to  form  the  water-jacket  about  the  alumintmi  cup. 
Also  in  order  that  the  temperature  remain  constant  it  is  necessary 
to  carefully  clean  the  cup  containing  the  bath  as  constant  boiling 
causes  precipitates  to  be  formed  which  raise  the  boiling  point  of 
the  Acetone  or  Chloroform  as  the  case  may  be. 

As  well  as  combining  simplicity  of  mechanism,  uniformity  of 
temperature,  illumination  of  cup  and  inexpensiveness  as  does  Mr. 
Woodruff's  apparatus,  this  device  has  a  lower  temperature,  and 
greater  convenience  because  the  tissues  are  handled  in  an  aluminum 
cup  rather  than  by  being  placed  directly  in  the  apparatus.  This 
allows  greater  ease  in  changing  the  paraffin  and  also  makes  it  pos- 
sible to  dip  the  paper  imbedding  boxes  into  the  paraffin  containing 
the  tissues  so  that  the  tissues  may  be  placed  in  the  embedding  boxes 
without  exposure  to  the  air.  This  avoids  the  formation  of  the  thin 
surface  film  of  paraffin  about  the  tissues  which  so  often  results  in 
the  tissues  being  loose  in  the  block  so  that  the  sections  fall  out  of 
the  ribbon  in  process  of  sectioning.  Also  the  chance  of  breakage 
is  reduced  to  a  minimum  due  to  the  breakable  parts  being  supported 
and  almost  surrounded  by  the  asbestos  container. 
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The  factor  of  safety,  in  one  sense,  is  less  than  in  Mr.  Wood- 
ruff's apparatus  due  to  the  use  of  Acetone  which  forms  the  bath, 
it  being  a  combustible  material.  This  danger  however  is  n^ligible 
as  the  solution  is  enclosed  in  a  glass  vessel  and  the  heat  is  furnished 
by  an  electric  bulb. 

In  another  sense,  that  of  the  safety  of  the  tissues  which  is  the 
only  excuse  for  the  apparatus,  the  factor  of  safety  is  greater  than 
in  Mr.  Woodruff's  machine.  This  is  due  to  the  fact  that  the  con- 
denser eliminates  the  possibility  of  the  bath  evaporating  to  dryness 
and  the  consequent  scorching  of  the  tissues.  Altogether  the  ap- 
paratus is  very  useful  and  one  which  when  once  used  soon  becomes 
a  part  of  the  permanent  laboratory  equipment. 

Robert  W.  Henderson. 
Laboratories  of  Animal  Biology, 
The  State  University  of  Iowa, 

A   MACROSCOPIC   METHOD  OF  RECONSTRUCTION 

In  laboratory  and  research  work  good  results  can  often  be  ob- 
tained by  some  make-shift  application  of  materials  already  in  stock 
which  would  otherwise  require  apparatus  expensive  and  difficult 
to  obtain.  Such  is  an  apparatus  for  the  purpose  of  figuring  to  scale 
objects  of  great  irregularity  of  form  and  surface  which  has  been 
in  use  several  months  in  the  Animal  Biology  Laboratories  of  the 
State  University  of  Iowa. 

The  apparatus  is  really  a  graphing  device  applying  the  princi- 
ple of  the  X  and  Y  axes,  and  is  used  in  conjunction  with  ordinary 
graph  paper.  The  materials  were  all  found  in  the  laboratory  stock 
room  and  comprise  a  sliding  celloidin  microtome,  two  metric  rulers, 
a  piece  of  heavy  wire  about  18  inches  long  and  some  modelling  wax. 

One  of  the  rulers,  which  is  known  as  the  X  ruler,  is  fastened 
in  a  stationary  position  on  the  frame  of  the  microtome  near  to  the 
sliding  knife  carriage  and  parallel  with  its  direction  of  motion.  The 
other  ruler,  which  is  known  as  the  Y  ruler,  is  fastened  to  the  slid- 
ing knife  carriage  in  a  horizontal  position  and  at  right  angles  to  the 
stationary  or  X  ruler.  One  end  of  the  Y  ruler  overrides  the  X 
ruler,  clearing  it  by  about  one-eighth  of  an  inch. 
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Apparatus  for  Reconstruction 

The  heavy  wire  is  used  to  make  a  peep-hole  a  foot  or  so  above 
the  middle  of  the  Y  ruler  and  is  attached  to  the  sliding  carriage. 
This  peep-hole  is  used  more  especially  with  small  objects  so  that 
the  readings  will  all  be  taken  from  the  same  point  thus  giving  great- 
er accuracy. 

In  attaching  the  rulers  and  wire  the  microtome  is  not  injured 
in  the  least  as  all  the  attachments  are  made  by  using  screws  and 
clamps  already  a  part  of  the  machine. 

In  operation  the  object  to  be  figured  is  placed  on  the  modelling 
wax  under  the  Y  ruler  from  which  are  taken  the  readings  for  the 
Y  axis  on  the  graph  paper.  Then  beginning  at  one  end  of  the 
object  or  the  other  the  position  of  the  Y  ruler  is  read  on  the  X 
ruler  and  the  corresponding  line  located  on  the  graph  paper.    Then 
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on  this  line  are  laid  out  points  corresponding  to  certain  desired  points 
of  the  object  which  are  read  on  the  Y  ruler.  When  all  the  points 
desired  are  located  on  this  line  the  Y  ruler  is  moved  to  any  desired 
distance,  as  one  millimeter,  along  the  X  ruler  and  on  the  new 
line  corresponding  to  the  new  position  of  the  Y  ruler  a  new  set  of 
points  is  laid  out  according  to  the  readings  of  the  Y  ruler.  Then 
the  Y  ruler  is  again  moved  the  desired  distance  and  the  readings 
repeated  and  so  on  until  on  the  graph  paper  is  made  a  figure  in  dots 
of  the  object.  Now  by  connecting  the  dots  by  lines  the  figure,  which 
is  really  a  graph,  is  complete  in  outline. 

After  the  figure  is  complete  it  may  be  transferred  to  a  plate 
by  means  of  carbon  paper  after  which  the  completion  of  the  figure 
by  shading  or  stippling  is  an  easy  task,  and  should  the  drawing  be 
spoiled  in  some  manner  another  carbon  tracing  is  easily  secured. 

As  here  described  the  apparatus  will  give  a  drawing  of  the 
object  as  seen  from  a  line  parallel  with  some  axis  of  the  object 
and  it  might  be  an  improvement  to  use  a  stationary  peep-hole  above 
the  center  of  the  object  which  would  give  a  drawing  of  the  object 
as  seen  from  one  point. 

As  to  accuracy  each  of  these  methods  of  using  the  peep-hole 
has  its  advantages.  The  first  more  nearly  gives  a  vertical  view  of 
each  point  of  the  object  which  would  perhaps  be  the  ideal  way  for 
figures.  On  the  other  hand  the  second  method  would  give  a  draw- 
ing more  like  a  photograph.  In  either  case  the  greatest  accuracy 
is  attained  by  making  the  interval  between  successive  readings  as 
small  as  possible.  Further  elimination  of  error  may  be  accom- 
plished by  magnifying  the  drawing,  which  is  done  by  multipl)ring 
the  reading  interval  by  some  constant  number,  as  five,  and  then  min- 
ifying to  the  desired  size. 

Robert  W.  Henderson. 

Laboratories  of  Animal  Biology, 
The  State  University  of  Iowa. 

AN   EASILY  ADJUSTED  IMBEDDING  BOX 

Several  types  of  imbedding  boxes  are  used  in  histological  lab- 
oratories, such  as  paper  boxes,  adjustable  metal  right  angles  and 
dishes  of  various  sizes.    All  have  their  disadvantages  so  it  seemed 
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desirable  to  make  an  easily  adjustable  durable  box,  with  walls  thin 
enough  that  the  heat  might  radiate  rapidly. 


Fi,  I. 

The  one  described  here  has  been  used  several  months  and  has 
been  giving  entire  satisfaction.  The  dimensions  may  be  changed 
to  suit  the  needs  of  the  individual.  Two  rectangles  of  pliable  sheet 
tin  were  cut  126x20  m.m.  and  bent  as  illustrated  in  the  top  and  side 
projections  in  Fig.  1. 


R3.2. 

It  is  advisable  to  form  the  notches  not  over  2  m.m.  deep  with 
an  equal  distance  between  them,  also  with  as  near  right  angles  and 
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true  edges  as  possible.    A  perspective  view  of  one  adjustment  is 
illustrated  in  Fig.  2,  and  a  top  view  of  another  adjustment  in  Fig.  3. 


Rg,3. 

These  interlocked  forms  after  adjusting  to  the  size  needed  are 
placed  on  the  usual  glass  plates  used  for  imbedding.  The  pliability 
of  the  tin  is  sufficient  to  hold  both  pieces  together  although  it  does 
not  inhibit  opening,  by  bending  the  long  ends  as  indicated  in  Fig.  3, 
placing  the  fingers  at  A.  and  B.  and  bending  in  the  direction  of  the 
arrows. 

From  the  Zoological  Laboratory        Carleton  F.  Dean. 

of  The  Pennsylvania  State  College. 

A  DEVICE  TO   counteract  THE  EFFECT  OF  VIBRATION   IN 
PHOTO-MICROGRAPHY 

In  connection  with  the  physical  section  of  the  Ansco  Research 
Laboratory  we  are  frequently  called  upon  to  make  high  power  photo- 
micrographs in  a  building  that  is  subject  at  times  to  considerable 
vibration.  Nearly  all  types  of  spring  support  have  been  tried  but 
were  not  at  all  satisfactory;  finally  these  were  all  abandoned  for 
the  device  shown  in  the  illustration. 

A  large  trough  (A)  9'x2'  6"xl2"  deep  is  attached  to  a  founda- 
tion wall  by  angle  brackets  and  is  not  in  any  way  connected  with 
the  floor.  The  trough  is  completely  filled  with  a  very  fine  dry  white 
sand.  It  is  constructed  of  2"  seasoned  cypress.  The  bed-plates 
upon  which  the  instruments  rest  is  8'x2'  and  is  constructed  of 
seasoned  cypress  1J4"  thick.  The  boards  are  tongued  and  glued 
together.  Around  the  edge  of  this  bed-plate  there  are  fixed  a  series 
of  wooden  pegs  8"  long.  When  the  base-board  is  set  down  into 
the  sand  these  pegs  penetrate  and  prevent  it  shifting  laterally.  Lev- 
eling attachments  are  provided  on  the  steel  bed  of  the  photo-micro- 
graphic  apparatus.    This  method  has  been  found  very  satisfactory 
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and  even  with  serious  vibration  no  blurring  of  a  high  power  image 
results.  The  particles  of  sand  vibrate  among  themselves  and  ab- 
sorb practically  all  of  the  shock. 

Btnghamton,  N.  Y.  Alfred  B.  Kitchens. 

Research  Laboratory, 

PHOTOMICROGRAPHS  OP  CRYSTALLIZABLE  CHEMICAL  SALTS 

The  above  is  the  title  of  an  Atlas  which  is  a  compilation 
of  photomicrographs  made  from  a  careful  selection  of  many 
himdreds  of  microscopical  slides  of  recrystallized  chemical  salts. 
These  are  made  by  using  very  weak  solutions,  and  placing  four 
drops  of  such  solution  upon  slides  having  the  usual  cement  rings, 
allowing  evaporation  to  take  place  very  slowly.  A  few  of  the  re- 
sults are  presented  in  the  accompanying  figures. 

The  photomicrographs  in  this  Atlas  were  made  as  one  of  the 
steps  in  an  endeavor  to  work  out  a  method  of  determining  the  crys- 
tallizable  chemical  salts  found  in  evaporated  saliva  during  a  salivary 
diagnosis.  It  was  proposed  to  do  this  by  means  of  microscopical 
comparison  of  known  salts,  evaporated  from  known  chemical  so- 
lutions, with  the  unknown  salts  as  found  in  the  evaporated  saliva. 
No  attempt  has  been  made,  however,  to  exhaust  the  possible  chemi- 
cal combinations  but  rather  to  present  t)rpical  crystalline  forms  of 
various  salts,  many  of  which  are  known  to  exist  in  the  body  tissues 
and  fluids  under  normal  and  pathological  conditions,  thereby  plac- 
ing at  the  disposal  of  the  student  of  research  auxiliary  help  toward 
an  understanding  of  the  characteristics  which  confront  him  through 
die  microscopic  examination  of  fluids  from  the  body. 

In  the  figures  shown  herewith  the  magnification  is  100  di- 
ameters. 

Figures  1,  2,  3,  4  and  5  are  taken  from  the  Atlas,  while  figure 
6  is  a  photomicrograph  made  from  a  slide  upon  which  was  evapor- 
ated the  usual  four  drops  of  human  saliva.  Upon  observing  the 
crystalline  forms  through  the  microscope,  one  having  become  ac- 
quainted with  the  illustrations  in  the  Atlas  at  once  recognizes  a 
similiarity  between  his  microscopic  observation  as  shown  in  figure 
6  and  the  photomicrograph  as  shown  in  figure  5.  This  is  one  of 
the  older  methods  of  comparing  the  unknown  with  the  known. 
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Further  accuracy  may  be  gained,  however,  by  having  at  one's 
command  a  collection  of  the  various  salts ;  and  when  a  certain  one 
of  these  is  suspected  in  the  system,  one  may  make  a  slide,  or  better, 
several  slides  of  the  suspected  salt.  One  of  these  slides  may  be 
directly  compared  with  the  human  material  supposed  to  contain  this 
substance,  by  means  of  a  comparison  eyepiece,  which  allows  one  to 
observe  one-half  of  each  field  at  the  same  time  with  one  eye,  thus 
presenting  one  of  the  most  modem  methods  of  comparing  the  un- 
known with  the  known,  as  shown  in  figure  7. 

For  still  further  identification,  individual  crystals  may  be  re- 
moved from  the  slide  with  a  coarse  hair  or  fine  glass  needle  and 
tested  by  the  usual  chemical  methods. 

The  author  feels  that  this  method  of  studying  the  crystal  forma- 
tion would  be  of  great  value  to  the  diagnostician,  and  that  a  course 
in  micro-crystallography  should  be  made  a  part  of  medical  education. 

Research  Publishing  Co.,  Arthur  W.  Doubleday. 

Boston,  Mass, 

A   NEW    mounting   MEDIUM 

All  of  the  media  in  present  use  have  some  defects,  and  it  is 
probable  that  a  perfect  medium  will  never  be  found,  but  I  have  en- 
deavored to  find  one  in  which  the  most  serious  defects  are  elim- 
inated. 

Balsam  and  damar,  dissolved  in  xylene,  are  ideal  media  for 
those  objects  which  are  adapted  to  them.  The  fact  that  xylene  boils 
at  a  low  temperature  makes  it  easy  to  drive  oflF  air  bubbles  by  very 
gentle  heat.  But  it  is  necessary  to  have  all  objects,  mounted  in 
either  balsam  or  damar,  entirely  free  from  water.  There  are  many 
objects  which  can  not  withstand  dehydrating.  Many  delicate  tis- 
sues and  organisms  are  almost  destroyed  from  passing  them  through 
the  different  strengths  of  alcohol  necessary  for  mounting  in  balsam 
or  damar. 

The  refractive  power  of  such  media  renders  them  unsuitable 
for  some  objects.  Objects  having  about  the  same  index  of  refrac- 
tion as  these  media  are  almost  or  quite  invisible  after  they  are 
mounted.  Again  xylene  balsam  is  never  quite  free  from  color  if  it 
has  been  exposed  to  the  light. 
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Fig.   2.     Ammonium    Sulphate 

Plate  II 
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Fig.   3.      CafTcin 


Fig.    4      Creatinin 
Platk  III 
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Fig.   6.     Crystals    from    a    Human    Secretion 

Plate  IV 
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Fig.  8.     Muscles  in  neck  of  Tussock  Moth  (see  page  48). 
Pl.ATK  V 
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With  any  of  the  media  containing  gelatine  it  is  impossible  to 
get  rid  of  air  bubbles.  They  cannot  be  driven  oflf  by  heat  without 
destroying  the  qualities  of  the  medium.  There  are  the  same  objec- 
tions to  media  containing  acacia.  Neither  of  these  media  is  miscible 
with  alcohol. 

A  meditmi  diflFerent  from  any  of  the  ordinary  kinds  is  needed 
for  mounting  some  objects.  The  qualities  desirable  in  such  a  new 
medium  may  be  classified  as  follows:  1,  It  should  be  miscible  with 
both  alcohol  and  water;  2,  It  should  be  free  from  color;  3,  It 
should  be  free  from  air  bubbles,  or  nearly  so;  4,  It  should  have 
a  refractive  index  di£Fering  from  that  of  balsam  etc. ;  5,  Gentle  heat 
should  carry  off  the  bubbles,  if  they  are  present.  6,  Gentle  heat 
should  not  change  its  nature  in  any  way ;  7,  It  should  harden  spon- 
taneously, or  by  the  application  of  gentle  heat. 

I  think  I  have  discovered  a  medium  that  has  all  of  the  above 
mentioned  good  qualities  except  the  last.  It  is  made  from  con- 
fectioners glucose.  This,  as  found  in  the  market,  is  a  gelatinous 
substance,  very  transparent  and  free  from  color.  Probably  in  the 
process  of  manufacture  it  is  strained  through  cotton  cloth.  At  any 
rate  there  are  some  fibers  in  it.  To  remove  these  fibers  it  is  neces- 
sary to  dilute  the  glucose  with  water  until  it  will  pass  through  a 
paper  filter.  The  water  should  be  driven  off  by  heat  over  a  water 
bath  until  the  glucose  is  considerably  thicker  than  xylene-balsam. 
Then  alcohol  should  be  added  until  it  is  of  the  same  consistency  as 
xylene-balsam,  or  a  little  thinner.  The  glucose  is  not  perfectly 
soluble  in  strong  alcohol  but  is  soluble  in  alcohol  and  water  com- 
bined. If  adding  the  alcohol  produces  a  milky  appearance  it  will 
be  necessary  to  add  a  little  water  to  make  a  clear  solution,  then  the 
medium  is  ready  for  use. 

Mounting  with  the  medium  is  performed  in  the  same  way  as 
with  xylene-balsam  except  that  it  is  not  necessary  to  dehydrate  ob- 
jects. Gentle  heat  applied  to  the  slide  will  not  only  drive  out  the 
air  bubbles  but  it  will  also  harden  the  glucose  around  the  cover 
glass  so  as  to  hold  it  firmly.  If  this  condition  would  persist,  it 
would  be  very  satisfactory ;  but  tmf ortunately  the  glucose  is  hygro- 
scopic and  the  moisture  taken  from  the  air  will  soften  it  so  that 
the  cover  glass  can  be  removed  easily.    To  avoid  this  a  ring  of 
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enamel  can  be  spun  around  the  edges  of  the  cover  glass  easily  and 
quickly,  and  then  the  preparation  is  a  permanent  one.  Only  one 
layer  of  enamel  is  necessary.  I  think  any  kind,  or  color,  of  enamel 
can  be  successfully  used.  I  have  used  two  different  kinds  and 
both  seem  satisfactory. 

A  precaution  should  be  taken  that  the  solution  is  not  so  thick 
that  it  will  harden  at  the  edge  of  the  cover  before  the  bubbles  are 
all  driven  off. 

I  have  been  using  this  medium,  and  method  of  mounting,  for 
about  six  months.  The  objects  which  I  have  mounted  seem  to 
be  in  perfect  condition  at  present.  If  time  and  changing  temper- 
ature should  loosen  the  cover  glasses  I  think  that  my  method  might 
be  changed  with  advantage  by  putting  a  ring  of  gold  size  around 
first,  and  following  this  by  a  second  coat,  or  a  coat  of  enamel. 

Lewiston,  Maine.  C.  E.  Norton,  M.  D. 

A   METHOD  FOR  CUTTING  PLANORBIS  EGGS 

The  eggs  of  Planorbis,  a  common  pond  snail,  are  found  in 
clusters  held  together  by  tough  enclosing  membranes  which  con- 
tain a  considerable  amount  of  jelly.  Surrounded  by  the  jelly  are 
perhaps  a  couple  of  dozen  capsules,  each  filled  with  a  yellow  albu- 
men mass  in  which  the  egg  develops.  These  membranes  and  the 
albumen  make  it  very  difficult  to  section  the  entire  cluster,  so  that 
it  has  usually  been  necessary  to  remove  the  eggs  from  the  albumen 
and  jelly.  Holmes  (Journal  of  Morph.,  Vol.  16,  1900)  recom- 
mended for  the  process  that  they  be  teased  out  in  physiological 
salt  solution  to  which  a  trace  of  picric  acid  had  been  added. 

The  difficulties,  however,  in  the  process  of  staining  and  run- 
ning through  the  alcohols  of  so  small  a  number  of  eggs  which  are 
microscopic  in  size  led  to  further  experiments  on  cutting  the  eggs 
within  the  jelly  mass.  The  procedure  which  was  developed  for 
this  purpose  has  proven  fairly  successful,  although  certain  precau- 
tions are  necessary. 

For  fixing  the  eggs»  Kleinenberg's  picro-sulphuric  has  been 
chiefly  employed.  Owing  to  the  tough  membranes  a  longer  time 
than  is  ordinarily  given  to  mollusc  eggs  is  necessary  for  the  proper 
fixation;  about  one  hour  has  proven  a  satisfactory  time.    The  ad- 
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dition  of  a  small  percentage  of  acetic  add  is  perhaps  an  advan- 
tage. It  is  well  also  to  puncture  the  enclosing  membranes  to  insure 
a  quick  penetration.  Especial  care  must  be  paid  to  this  matter  of 
fixation,  for  the  tough  membranes  tend  to  interfere  with  the  process. 

The  fixitive  should  be  washed  out  of  the  ^;gs  in  70%  alcohol 
to  which  lithium  carbonate  has  been  added.  If  the  dish  contain- 
ing the  ^igs  is  kept  in  a  warm  place  and  the  alcohol  changed  sev- 
eral times,  forty-five  minutes  to  an  hour  will  be  sufficient  for  the 
washing.  The  egg  masses  should  then  be  transferred  to  80%  al- 
cohol for  a  few  minutes.  To  clear  the  egg  masses  they  should  be 
placed  in  creosote  directiy  from  the  80%  alcohol  The  success 
of  this  method  depends  to  a  large  extent  upon  avoiding  the  use 
of  higher  grade  alcohols  and  xylol ;  (even  the  80%  should  be  used 
for  only  a  few  minutes.) 

As  soon  as  the  eggs  have  cleared  in  the  creosote  (which  takes 
place  in  less  than  half  an  hour)  they  must  be  removed  and  rinsed 
for  a  short  time  in  chloroform.  If  they  remain  long  in  the  creosote 
they  are  hardened  and  toughened.  After  running  through  a  chloro- 
form-paraffin mixture,  the  eggs  are  infiltrated  for  about  one  hour 
in  fairly  strong  rubber  paraffin  (J.  B.  Johnston,  Journal  Appl. 
Miscros.  Vol.  VI).  Care  is  necessary  there  that  the  temperature 
does  not  rise  higher  than  actually  necessary.  The  entire  process 
from  fixation  to  embedding  should  all  be  concluded  the  same  day 
if  satisfactory  results  are  to  be  expected. 

Since  the  jelly  in  the  sections  stain  readily,  the  best  stain 
so  far  tried  with  these  sections  is  thionin  which  is  selective  between 
the  eggs  and  the  jelly.  The  sections  are  stained  in  .5%  aqueous 
solution  of  thionin  for  twelve  to  eighteen  hours,  and  then  diflFeren- 
tiated  in  a  weak  solution  of  Orange  G  in  95%  alcohol,  quickly  de- 
hydrated and  cleared,  and  then  mounted  as  usual.  Thionin,  of 
course,  has  the  objection  that  it  is  not  lasting;  otherwise  its  use 
proves  quite  satisfactory.  For  more  lasting  preparation,  the  usual 
staining  methods  may  be  used,  but  the  fact  that  with  them  the  jelly 
stains  readily  renders  their  use  less  desirable. 

Wabash  College,  A.  Richards. 

CrawfordsviUe,  Ind, 
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METHODS  REPORTED  FROM  THE  ZOOLOGICAL  LABORATORY,  UNIVERSITY 

OF  WISCONSIN 

Potash  Clearing  Method. — ^The  potash  clearing  method  is  of 
great  value  in  •demonstrating  skeletal  structures  without  the  removal 
of  overlying  tissues,  and  also  in  showing  the  relations  of  unossified 
bone  as  in  the  tarsus  of  amphibians. 

The  animal  or  part  should  be  skinned  and  while  fresh  put 
into  a  1%  solution  of  KOH  for  about  12-24  hrs.,  or  vmtil  internal 
structures  are  visible.  The  tissue  is  then  removed  to  pure  glycerine 
where  it  may  be  kept  indefinitely.  Animals  as  large  as  adult  bull- 
frogs have  been  successfully  cleared  in  this  laboratory. 

Substitute  for  Spalteholts  Clearing  Method. — The  expense  con- 
nected with  the  Spalteholtz  clearing  method  makes  it  prohibitive 
for  general  class  use.  A  good  substitute  consists  in  the  use  of  ben- 
zaldehyde  as  the  clearing  agent.  The  tissue  after  injection  or  other 
treatment  is  dehydrated  in  alcohol  as  far  as  95%,  and  then  re- 
moved to  benzaldehyde  and  the  container  at  once  sealed.  Benzalde- 
hyde  is  very  unstable,  oxidizing  in  the  air  to  form  benzoic  acid, 
hence  it  must  not  be  exposed  to  the  air.  Specimens  cleared  in  it 
must  be  carefully  sealed. 

Clearing  and  Mounting  Hydra. — Some  difficulty  is  encountered 
in  clearing  Hydra  in  xylol  after  dehydration  in  alcohol  since  the 
tissue  becomes  too  brittle  to  be  easily  handled.  This  is  especially 
true  in  making  mounts  of  Hydra  to  show  the  developed  ovaries 
and  spermaries,  which  often  drop  off  during  the  process.  We 
have  found  that  with  rapid  dehydration  in  the  alcohols,  followed 
by  clearing  in  wintergreen  oil  this  excess  brittleness  may  be  avoided. 
Mounts  of  Hydra  bearing  six  or  more  spermaries  and  a  well  de- 
veloped ovary  have  been  made  without  difficulty,  movmting  in  bal- 
sam in  the  usual  way. 

Injection  of  Semicircular  Canals. — In  using  the  semicircular 
canals  of  the  shark  for  demonstration  in  elementary  courses,  where 
the  entire  head  is  immersed  in  a  specimen  jar,  we  find  that  stu- 
dents have  much  difficulty  in  making  out  the  canals  and  ampullae. 
By  injecting  these  with  India  ink,  introduced  with  a  fine  pipette 
the  structures  are  made  plainly  visible.    The  ink  will  remain  in 
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Introduction 

The  trematode  here  described  was  first  found  in  August,  1911, 
by  the  senior  author  in  the  lungs  of  the  painted  terrapin,  Chrysetnys 
marginata  Agassiz,  taken  from  Lake  Emily,  a  small  lake  near  St. 
Peter,  Minnesota.  A  preliminary  study  of  the  parasite  was  made 
at  that  time,  and  subsequently  this  material  was  turned  over  in 
September,  1913,  to  the  junior  author,  who  in  collaboration  with 
the  senior  author  has  made  a  detailed  study  of  the  parasite. 
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Technique 

During  August  and  September  of  the  sununer  of  1911,  seven 
turtles  of  the  species  Chrysemys  marginata  Agassiz,  were  secured 
from  Lake  Emily.  Upon  examination  of  the  lungs  it  was  found 
that  two  of  these  turtles  were  uninfected,  while  of  the  remaining 
five,  one  yielded  13  trematodes  from  both  lungs,  one  yielded  1  from 
one  lung,  a  third  and  fourth  5  and  3  respectively,  and  the  fifth  yield- 
ed 3  from  one  lung.  Later,  during  the  months  of  November  and 
December  of  the  same  year,  sixteen  more  turtles  from  the  same 
lake  were  examined  with  the  result  that  only  one  showed  a  par- 
asitic infection  of  the  lungs  and  only  one  trematode  was  obtained. 
It  may  be  stated,  however,  that  these  turtles  had  been  kept  in  con- 
finement from  one  to  two  months,  which  together  with  the  time 
of  year,  may  account  for  the  small  percentage  of  infection. 

Two  years  later,  during  the  fall  of  1913,  seven  turtles  of  the 
same  species  were  obtained  from  the  Fairport  U.  S.  Biological  Sta- 
tion, near  Fairport,  Iowa,  on  the  Mississippi  River.  The  lungs  of 
these  seven  turtles  were  examined  and  it  was  found  that  two,  one 
male  and  one  female,  were  tminfected,  and  of  the  r^naining  five, 
two  had  both  lungs  infected,  both  being  male  animals  and  furnished 
three  and  six  trematodes  respectively.  Of  the  three  having  one 
lung  infected,  one  female  and  one  male  furnished  one  trematode 
each,  while  the  third,  a  female  yielded  thirteen  trematodes,  four 
of  which  were  together  in  one  pocket  of  the  lung.  The  minimum 
number  of  trematodes  obtained  from  a  single  turtle  was  one,  and 
the  maximum  number  thirteen.  The  three  male  turtles  furnished 
a  total  of  ten  trematodes,  and  the  two  female  turtles  furnished  a 
total  of  sixteen  trematodes,  showing  the  females  almost  three  times 
as  heavily  infected  as  the  males.  Possibly  different  habits  or  food 
eaten  may  have  a  bearing  on  this  diflference  in  the  degree  of  infec- 
tion. This  same  species  of  turtle  secured  from  the  creeks  and 
ponds  near  Lincoln,  Nebraska,  has  never  been  found  to  harbor 
these  trematodes. 

To  kill  the  trematodes,  the  specimens  were  compressed  between 
slides,  thus  keeping  the  worm  in  a  fairly  well  distended  condition, 
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and  hot  solutions  of  alcohoKc-corrosive-acetic,  Zenker's,  Bouin's  or 
lacto-phenol,  Were  run  between  the  slides.  The  toto-mounts  and 
sections  were  stained  in  borax  carmine,  Le  Brun's,  and  Delaiield's 
haematoxylin. 

For  the  study  of  the  eggs,  worms  which  had  been  killed  in 
lacto-phenol  or  Bouin's  solution  were  teased  up  in  those  solutions 
and  the  eggs  isolated,  thus  insuring  the  least  shrinkage  and  distor- 
tion of  the  eggs. 

Morphology 

The  description  given  is  based  on  the  comparative  study  of 
fifteen  specimens  mounted  in  toto,  and  ten  series  of  sections  cut 
longitudinally,  transversely,  and  sagittally. 

The  worms  were,  when  living,  a  reddish  brown,  with  a  thick 
fat  elongated  body  which  curled  ventrad,  along  the  long  axis.  In 
one  specimen  the  intestinal  ceca  were  observed  to  be  a  bright  blood- 
red  color,  indicating  that  the  worms  feed  upon  blood  in  the  lung. 
The  uterine  coils  at  each  side  of  the  body  in  all  specimens  were 
dark,  and  the  longitudinal,  straight  tubes  of  the  uterus  were  espe- 
cially black,  due  to  the  presence  of  dark  granules.  All  specimens 
were  characterized  by  a  marked  sluggishness. 

The  worms  vary  in  length  from  12.24  mm.  to  4.899  mm.,  the 
mode  being  9.5  mm.  for  43  per  cent.  The  width  at  the  widest 
part  of  the  body  varies  between  a  maximum  of  2.65  mm.  and  a  min- 
imtun  of  1.57  mm.  The  body  is  widest  at  the  level  of  the  second 
anterior  fifth,  and  tapers  gradually  toward  the  posterior  end,  which 
is  rounded.  From  this  same  level  the  body  tapers  anteriorly  more 
rapidly  and  the  extreme  anterior  end  is  decidedly  pointed  (Plate  VI, 
figs.  2  and  6).  With  the  exception  of  the  two  ends  the  sides  of 
the  body  are  almost  parallel  and  the  dorso-ventral  flattening  is 
marked.  Strong  circular  bands  of  muscle  fibers  run  around  the 
body  at  regular  intervals,  giving  it  a  segmented  appearance  when 
contracted.  The  oral  sucker,  the  only  one  present,  is  sub-terminal 
in  position  and  is  a  globular  fleshy  structure,  relatively  small  but 
distinct.  Its  musculature  is  conspicuously  weak,  it  being  composed 
mostly  of  parenchyma  tissue.     (Plate  VII,  fig.  3.)     The  length  of 
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the  oral  sucker  varies  between  a  maximum  of  0.314  mm.  and  a  min- 
imum of  0.204  mm.,  the  mode  being  0.245  mm.  for  56  per  cent. 
The  width  of  the  sucker  varies  from  a  maximum  of  0.455  mm.  to 
a  minimum  of  0.314  mm.,  the  mode  being  0.435  mm.  for  54  per  cent 

Just  posterior  and  very  close  to  the  oral  sucker  is  the  phar3mx, 
a  very  muscular  and  almost  globular  structure,  formed  by  two  bean 
shaped  halves.  The  pharynx  varies  in  length  from  a  maximum 
of  0.345  mm.  to  a  minimum  of  0.219  mm.,  the  mode  being  0.314  mm. 
for  44  per  cent.  The  width  of  the  pharynx  varies  between  a  max- 
imum of  0.314  and  a  minimum  of  0.219  mm.,  the  mode  being  0.282 
mm,  for  44  per  cent. 

The  pharynx  is  followed  by  a  very  short,  wide  esophagus.  Its 
modal  length  is  0.047  mm.  and  its  modal  with  0.143  mm.  It  was 
impossible  to  determine  its  length  and  width  in  all  specimens,  due 
to  a  contracted  condition  but  these  measurements  were  fairly  con- 
stant. 

Immediately  posterior  to  the  esophagus,  the  digestive  tube 
branches  into  two  wide  intestinal  ceca,  which  pass  posteriorly  as 
straight  unbranched  tubes  to  within  0.282  mm.  of  the  posterior 
end  of  the  body  where  they  end  blindly.  The  ceca  occupy  from 
one-fifth  to  more  than  one-half  of  the  width  of  the  body,  leaving 
only  a  small  space  between  them  in  the  median  line  of  the  body. 
In  all  the  specimens  examined  clots  of  blood  or  mucous  from  the 
hings  of  the  turtle  were  found  in  the  intestinal  ceca. 

Female  genitals:  A  well-defined  ovoidal  ovary  lies  in  a  dorsal 
position  slightly  posterior  to  the  bifurcation  of  the  intestine  and  to 
,th^  right  or  left  of  the  median  line.  Its  length  varies  from  0.392  mm. 
to  0.518  mm.  the  mode  being  0.44  mm.  for  57  per  cent.  Its  width 
varies  from  0.314  mm.  to  0.455  mm.,  the  mode  being  0.35  mm. 
for  70  per  cent.  Its  margin  is  smooth.  A  small  ciliated  oviduct 
leads  caudad  from  the  posterior  margin  of  the  ovary  and  after  mak- 
ing several  close  coils  joins  the  vitelline  duct.  The  union  of  these 
two  ducts  marks  the  beginning  of  the  uterus  which  after  making 
several  compact  turns  dorsal  to  the  testis  and  caudad  to  the  ovary 
turns  to  the  left  or  right  just  caudad  to  and  across  the  base  of  the 
ovary  and  passing  posteriorly  enters  a  well  defined  and  compact 
shell  gland  about  one-fourth  to  one-half  the  size  of  the  ovary  and 
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situated  obliquely  caudad  to  the  ovary  (Plate  VI,  fig.  4.)  The 
uterus  may  be  divided  into  two  parts,  the  coiled  lateral  portion, 
extending  from  the  level  of  the  ovary  to  the  posterior  end,  l)ring 
along  the  sides  of  the  body  and  extending  mesad  over  the  intestinal 
ceca  and  the  arms  of  the  vitellarium  and  the  straight  median  por- 
tion extending  from  the  posterior  end  to  the  genital  pore.  After 
emerging  from  the  shell  gland  the  uterus  takes  the  following  course 
in  loose  coils  dorsal  to  the  vitellarium,  posteriorly  to  the  level  of 
the  anterior  third  of  the  body  and  just  caudad  to  the  seminal  vesicle 
then  in  a  straight  course  transversely  and  obliquely  ascending  across 
the  body  dorsal  to  the  intestinal  cecum  to  the  level  of  the  ovary, 
then  in  descending  coils  along  that  side  of  the  body  to  the  posterior 
end  obliquely  across  to  the  opposite  side  of  the  body  and  in  ascend- 
ing lateral  coils  to  the  level  of  the  bifurcation  of  the  intestine  where 
it  turns  mesad  and  in  a  straight  course  passes  to  the  posterior  end 
of  the  body  in  the  median  plane  then  turning  back  on  itself  ascends 
in  a  straight  course  parallel  and  ventral  to  the  descending  limb  to 
the  common  genital  pore  just  ventral  to  the  posterior  margin  of 
the  oral  sucker. 

The  lateral  uterine  coils  are  less  numerous  and  smaller  in  the 
younger  worms  while  the  median  straight  tubes  are  larger  than 
in  the  older  worms  in  which  the  lateral  coils  are  numerous  and 
compact  and  the  median  tubes  narrow.  The  lateral  coils  are  crowd- 
ed with  developing  eggs  while  the  median  straight  portions  con- 
tain comparatively  few  dark  colored  eggs.  Masses  of  sperm  cells 
are  found  all  along  the  course  of  the  uterus  but  are  most  abundant 
in  the  terminal  portions,  near  the  ovary  and  the  genital  pore. 

The  e^s  are  very  abundant  in  the  coiled  lateral  portions  of 
the  uterus  but  few  are  found  in  the  median  portion.  Those  in  the 
median  portion  are  fully  mature  and  are  dark  brown  in  color.  They 
are  egg-shaped,  one  end  being  slightly  more  pointed  than  the  other. 
The  shell  is  thin  and  no  operculum  could  be  found.  They  vary 
in  length  from  0.045  mm.  to  0.065  and  in  width  from  0.022  mm.  to 
0.030  mm.  The  largest  eggs  are  found  in  the  smaller  worms.  (Plate 
VI,  fig.  5.) 

The  vitellarium  is  a  voluminous  "U"  shape  organ  with  its  apex 
or  closed  end  at  the  level  of  the  anterior  fourth  or  sixth  of  the  body 
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just  posterior  to  the  ovary.  The  two  arms  are  lateral  in  position 
and  Ke  dorsal  to  the  uterine  coils  and  the  intestinal  ceca.  They  are 
somewhat  coiled  and  extend  to  the  posterior  seventh  or  ninth  of 
the  body.  From  the  posterior  half  of  each  arm  a  vitelline  duct 
arises  and  passing  ventrad  around  the  outside  of  each  intestinal 
ceca  passes  cephalad  under  or  mesad  to  the  ceca  to  the  level  of  the 
apex  of  the  vitellarium  where  they  turn  mesad  and  unite  to  form 
a  small  yolk  reservoir  posterior  to  the  ovary  and  just  anterior  to 
the  apex  of  the  vitellarium.  A  short  vitelline  duct  passes  ante- 
riorly in  the  median  line  and  joins  the  oviduct  just  caudad  to  the 
ovary.    Neither  a  Laurer's  canal  nor  a  seminal  receptacle  is  present. 

Male  genitals:  In  the  older,  larger  worms,  6  to  12  mm.  long, 
a  testis  is  not  discemable  but  in  the  smaller  worms,  3.5  to  6  mm. 
long,  a  single  spherical  or  ovoidal  testis  with  smooth  margin,  one- 
half  to  one-fourth  as  large  as  the  ovary,  is  present,  lying  ventral 
to  and  partly  under  or  just  posterior  to  the  ovary.  The  testis  is 
often  obscured  by  the  first  compact  coils  of  the  uterus  which  lie 
dorsal  to  it.  A  small  duct,  the  vas  deferens,  leads  dorsad  from  the 
anterior  end  of  the  testis  and  enters  a  well  defined  ovoidal  and 
comparatively  large  prostate  gland  which  lies  dorsal  to  the  testis. 
(Plate  VII,  fig.  4.)  The  vas  deferens  emerges  from  the  prostate 
gland  and  passing  caudad  and  ventral  to  the  transverse  portion  of 
the  vitellarium  enters  the  seminal  vesicle.  The  seminal  vesicle  is 
a  prominent,  wide,  fish-hook  shaped  structure,  extending  from  the 
genital  pore  in  an  undulating  median  course  to  the  posterior  mar- 
gin of  the  anterior  third  or  fourth  of  the  body.  The  short  arm  of 
the  vesicle  lies  dorsal  to  the  long  arm.  The  seminal  vesicle  merges 
without  demarcation  with  the  lumen  of  an  eversible  non-muscular 
cirrus  formed  by  an  introvert  of  the  outer  body  wall  of  the  worm. 
The  cirrus  evaginates  thru  a  common  genital  pore  which  lies  ventral 
and  slightly  lateral  to  the  median  line  at  the  outer  margin  of  the 
oral  sucker.     (Plate  VI,  fig.  1.) 

We  seem  to  have  in  this  trematode  a  protandric  condition  in 
which  both  female  and  male  genitals  are  fully  developed  in  the 
younger  (smaller)  worms  but  the  testis  gradually  atrophies  and 
entirely  disappears  in  the  older  (larger)  worms.  Coincident  with 
this  disappearance  of  the  testis,  the  seminal  vesicle  increases  in  size 
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and  becomes  distended  with  speim  cells  and  the  uterine  coils  and 
the  number  of  ^;gs  increase  enormously  in  volume. 

Looss  ('02:676)  describes  a  similar  condition  in  the  genus 
Microscaphidium,  except  that  the  ovary  atrophies  also,  as  follows: 
"Die  einzige  Frage,  auf  die  ich  zur  Zeit  noch  keine  Antwort  zu 
geben  vermag,  ist  die,  warum  die  Angehorigen  der  Gattung  Micro- 
scaphidium allein  von  alien  mit  ihnen  zusammen  in  demselben 
Wirthe  lebenden  Parasiten  im  Laufe  von  Monaten  tmd  unter  allem 
Anscheine  nach  gtinstigen  Verhaltnissen  nicht  zur  Production  von 
Eiem  schreiten.  In  dieser  Zeit  werden  sie  naturlich  alter,  und 
eskommt  hierbei  nun  thatsachlich  vor,  dass  die  Keimdriisen  ganz 
Oder  theilweise  atrophiren,  ehe  sie  iiberhaupt  in  Function  getreten 
sind.  Unter  den  im  Monat  October  gesammelten  grossten  Exem- 
plaren  von  M,  reticulare  und  aberrans  fanden  sich  versehiedene, 
die  in  ihren  Bewegungen  und  ihrem  ganzen  librigen  Verhalten 
genau  so  lebhaft  waren  wie  ihre  Genossen,  deren  Hoden  aber  da- 
durch  auffielen,  dass  in  ihnen  eine  grossere  Anzahl  orange-bis- 
ockergelber  Tropfchen  und  Kugeln  einer  speckigen,  starker  lichtb- 
rechenden  Substanz  enthalten  waren.  Nachdem  die  Thiere  in  Al- 
kobol  conservirt,  gef  arbt  und  eingeschlossen  waren,  zeigte  sich,  dass 
mit  der  Zunahme  dieser  Kugeln  eine  auffallige  Abnahme  der  zelligen 
Elemente  der  Hoden  Hand  in  Hand  ging.  Bei  einem  Individuum 
bei  dem  dieser  Degenerationsprocess  der  Hoden  am  weitesten 
fortgeschritten  war,  fanden  sich  im  hintem  Hoden  uberhaupt  keine 
gefarbten  zelligen  Elemente  mehr,  im  vordern  nur  noch  enige  wenige, 
in  beiden  dagegen  eine  grosse  Menge  der  erwahrten  Kugeln  und 
SchoUen.  Die  Samenblase  zeigte  vollkommen  das  Aussehen, 
welches  sie  darbietet,  ehe  sie  in  Function  tritt.  Im  Keimstock  fanden 
sich  zwischen  den  normalen  jugendlichen  Eizellen  hier  und  da  gelbe, 
krumlige  Massen,  die  in  den  Hoden  die  Anfangsstadien  in  der 
Bildung  der  gelben  Kugeln  darstellen." 

Self  f  ertizilation  is  of  common  occurrence  if  not  the  only  method 
as  shown  by  several  specimens  in  which  the  cirrus  is  found  extruded 
and  inserted  into  the  vagina  or  metraterm  of  the  same  individual 
(Plate  VII,  fig.  3.). 

Excretory  system:  The  main  system  consists  of  two  lateral 
canals  first  noticeable  in  cross  sections,  about  the  level  of  the 
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esophagus  running  posteriorly,  just  mesad  and  ventral  to  the  intes- 
tinal ceca,  for  two-thirds  the  length  of  the  body,  where  they  empty 
into  a  large  median  irregular  excretory  bladder  or  reservoir.  The 
reservoir  is  dorsal  in  position  and  extends  from  the  middle  of  the 
body  posteriorly  to  the  end  of  the  intestinal  ceca  where  it  ends 
blindly.  The  bladder  opens  through  the  excretory  pore  in  the 
median  line  on  the  dorsal  surface  just  anterior  to  the  posterior  end 
of  the  body  (Plate  VI,  fig.  3.).  The  nervous  system  is  of  the 
typical  trematode  type  consisting  of  two  ganglia  one  on  each  side  of 
the  pharynx  and  connected  by  a  dorsal  supra-pharyngeal  commis- 
ure.  Two  lateral  nerve  trunks,  ventral  in  position,  extend  from  the 
ganglia  to  the  posterior  end  of  the  body.     (Plate  VII,  figs.  2,  5,  6.) 

Taxonomy 

Several  systematists,  Looss  ('02254),  Liihe  ('09:24),  Kossack 
('11:491),  Skrjabin  ('13:90)  have  given  schemes  of  classification 
for  the  monostome  trematodes.  Of  the  families  suggested  by  these 
authors,  the  characters  of  this  trematode  from  the  lung  of  the 
terrapin  conform  most  nearly  to  characters  of  the  family  Cyclo- 
coelidae  of  Kossack  ('11:496)  which  he  describes  as  follows: 
"Digenetische  Trematoden,  von  g^ssem  bis  mittelgrossem  Korper, 
ohne  Mundsaugnapf.  Bisweilen  ist  ungefahr  an  der  Grenze  des 
ersten  Korperdrittels  ein  Bauchsaugnapf  vorhanden.  Haut  beim 
konservierten  Tiere  mit  zahllosen  Griibchen  versehen.  Mundoffnung 
endstandig  oder  subterminal.  Der  verschieden,  aber  nie  erheblich 
lange  Oesophagus  besitzt  einen  muskulosen  Pharynx  von  wechselnd- 
er  Grosse,  dessen  relativ  Entfernung  von  der  Mundoffnung 
schwankt.  Darmschenkel  einfach  oder  an  der  Innenseite  mit  kurzen 
Blindsacken  versehen,  im  Hinterende  des  Korpers  bogenformig  in- 
einander  iibergehend.  Excretionsporus  kurz  vor  dem  Korperende  auf 
dem  Riicken.  Excretionsblase  zwischen  Darmbogen  und  dem  Kor- 
perende.   Genitalporus  median,  nicht  weit  hinter  der  Mundoffnung. 

G>pulationsorgane  vorhanden,  aber  wenig  kraftig  entwickelt. 
Samenblase  im  Cirrusbeutel.  Dotterstocke  zwischen  Korperwand 
und  den  Darmschenkeln  gelegen,  letztere  bisweilen  umspannend 
und  in  diesem  Falle  im  Hinterende  wie  sie  kontinuierlich  indnander 
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ubergehend.  Geschlechtsdrusen  zwischen  den  Darmschenkeln.  Die 
beiden  Hoden  einfach  oder  gelappt  schrag  zueinander  gelagert. 
Keimstock  immer  ganzrandig.  Laurer'scher  Kanal  und  Receptacu- 
lum  seminis  fehlen.  Uterus  sehr  stark  entwickelt,  mit  regelmas- 
sigen  quer  gerichteten  Schlingen  den  Korper  fast  vom  Hinterende 
bis  zur  Darmgabelung  erf  ullcnd.  Eier  sehr  zahlreich,  von  nicht  ein- 
heitlichem  Aussehen,  ohne  Polfaden.  Sie  nehmen  im  Laufe  der 
Entwicklung  an  Grosse  zu  und  enthalten  schon  im  Uterus  das  ausge- 
bildete  Miracidium,  dessen  doppelter  Augenfleck  ihnen  ein  charak- 
teristisches  Aussehen  verleiht/' 

It  is  evident,  however,  that  the  trematode  here  described  differs 
from  the  family  Cyclocoelidae  in  several  essential  characters  such 
as  the  presence  of  an  oral  sucker,  the  anterior  position  of  the  ovary, 
the  single  testis,  the  form  and  position  of  the  vitellarium  and  the 
extent  and  form  of  the  uterus.  But  rather  than  resort  to  the  ques* 
tionable  procedure  of  creating  a  new  family  or  even  a  sub-family 
based  on  a  single  new  genus  we  prefer  for  the  present  to  enlarge 
the  characters  of  the  family  Cyclocoelidae  as  given  by  Kossack  so 
that  it  may  contain  this  new  genus.  However,  a  comparative  study 
of  the  genera  in  the  family  Cyclocoelidae  as  given  by  Kossack  '11 
and  Skrjabin  13  clearly  shows  that  none  of  them  will  accommodate 
this  trematode,  this  necessitates  the  creation  of  a  new  genus  which 
we  in  a  previous  paper,  Barker  and  Parsons  ('14:193)  have  desig- 
nated as  Aorchis  (without  testis).  This  new  species  of  lung  fluke 
from  the  terrapin  has  previously  been  designated  as  Aorchis  extensus 
(voluminous  uterus)  and  becomes  the  type  species  of  the  genus 
Aorchis  having  the  following  characters. 

Genus  Aorchis    Barker  and  Parsons. 

Body  meditun  to  large  size,  slightly  tapering  toward  the  anterior 
and  posterior  ends,  posterior  end  rounded.  Oral  sucker  small, 
weak  but  distinct.  Mouth  opening  terminal.  Pharynx  strongly 
muscular,  without  pockets.  Esophagus  short.  Intestine  composed 
of  two  simple  blind  sacs,  not  uniting  at  the  posterior  end.  Genital 
pore  not  prominent,  ventral  to  the  pharynx,  close  to  oral  sucker. 
Ovary  anterior  between  intestinal  ceca.  Shell  gland  compact,  pos- 
terior to,  and  smaller  than  ovary.  Uterus  made  up  of  coils  which 
fill  the  body  lateral  to  and  overlap  the  intestinal  ceca,  extending  from 
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level  of  the  ovary  to  posterior  end  of  the  body  and  two  straight  and 
parallel  uterine  tubes  which  pass  anteriorly  up  the  median  axis  of 
the  body  between  the  intestinal  ceca.  Vitelline  gland  a  voluminous, 
'coarse,  compact,  U  shaped  mass  posterior  to  ovary  and  dorsal  to  the 
intestine,  with  the  closed  portion  at  anterior  end.  Protandrous. 
Testis  absent,  or  atrophied  in  old  worms.  A  single  ovoidal  testis 
present  in  young  worms,  anterior,  caudad  to  ovary.  Prostate  gland 
near  testis,  seminal  vesicle,  a  large  tubular  structure  extending  from 
genital  pore  to  the  level  of  the  second  anterior  fifth  of  the  body. 
Protrusible  non-muscular  cirrus  present.  Laurer-s  canal  and 
seminal  receptacle  absent  Eggs  without  lids.  Excretory  pore 
posterior  dorsal. 

Type  species :    Aorchis  extensus    Barker  and  Parsons. 

Habitat — ^Lungs  of  painted  terrapin  Chrysemys  marginata 
Agassiz. 

Distribution — ^Illinois,  Iowa  and  Minnesota,  U.  S.  A. 

We  wish  to  acknowledge  our  indebtedness  to  Doctor  Robert  E. 
Coker,  formerly  Director  of  the  U.  S.  Biological  Station,  Fairport, 
Iowa,  for  assisting  us  in  securing  material  for  this  study  and  in 
granting  both  authors  the  use  and  facilities  of  the  Station  Labora- 
tory during  the  summers  of  1913  and  1915. 
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EXPLANATION  OF  PLATES 
All  drawings  were  made  with  the  aid  of  a  camera  lucida 


Abbbbviatidns 


C,  Cirrus 

EC,  Excretory  canal 

EP,  Excretory  pore 

ER,  Excretory  reservoir 

G,  Ganglion 

GP,  Genital  pore 

I,  Intestine 

N,  Nerve 

OS,  Oral  sucker 

Ov,  Ovary 

Ph,  Pharynx 


PG,  Prostate  gland 

SG,  Shell  gland 

Sp,  Sperm  mass 

SV,  Seminal  vesicle 

T,  Testis 

Ut,  Uterus 

V,  Vitellarium 

Va,  Vagina 

VD,  Vitelline  duct 

Vd,  Vas  deferens 
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Plate  VI 

Fig.  1.    Anterior  end,  ventral  aspect;  mass  of  sperm  issuing  from  genital 
pore. 

Fig.  2.    Aorchis  extensus    Barker  and  Parsons,  ventral  aspect  of  small  in- 
dividual. 

Fig.  3.    Excretory  system  from  reconstruction. 

Fig.  4.    Details  of  genitals  from  toto  mount,  dorsal  aspect 

Fig.  5.    Egg. 

Fig.  6.    Aorchif  extensus    Barker  and  Parsons,  ventral  aspect  of  large  in- 
dividual. 


Platb  VII 

Fig.  1.    Sagittal  section  of  anterior  end,  showing  relation  of  female  genitals. 

Fig.  2.    Cross  section  of  body  thru  ovary,  anterior  to  the  testis. 

Fig.  3.    Frontal  section  of  anterior  end  showing  self  fertilization. 

Fig.  4.    Sagittal  section  showing  relation  of  male  genitals. 

Fig.  5.    Cross  section  of  body  thru  pharjmx. 

Fig.  6.    Cross  section  of  body  thru  testis  and  shell  gland,  posterior  to  the 
ovary. 
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ENCHYTRJEIDJE    (OLIGOCH^TA)    FROM   THE  ROCKY 
MOUNTAIN  REGION* 

By  Paul  S.  Welch 

For  certain  groups  of  animal  life,  North  America  is  still  in 
reality  an  unexplored  territory.  Of  the  vast  region  extending 
from  the  Mississippi  River  to  the  Pacific  and  from  the  Isthmus  to 
the  Arctic  Ocean,  excluding  a  narrow,  coastal  strip  from  Mexico  to 
Alaska,  nothing  has  hitherto  been  known  concerning  the  Enchy- 
traeidae  although  there  is  every  reason  to  believe  that  their  distribu- 
tion includes  the  entire  area.  The  tendency  of  this  family  of 
Oligochaeta  to  be  northern  in  its  distribution  is  well  established  and 
some  of  its  representatives  are  known  to  thrive  under  alpine  condi- 
tions, both  in  Europe  and  North  America.  The  two  species  dis- 
cussed in  this  paper  were  found  in  high  altitudes  of  the  Rocky  Moun- 
tain system — ^mere  chance  representatives,  no  doubt,  of  a  large  in- 
digenous ench)rtr3eid  fauna  which  awaits  study. 

Mesenchytrceus  alius  n.  sp. 

The  following  study  has  been  made  on  material  collected  by 
Professor  Frank  Smith  near  Corona,  Colorado,  close  to  the  edge 
of  a  small  lake  on  the  east  side  of  Mt.  Epworth.  This  lake,  known 
locally  as  "Pumphouse  Lake,"  is  less  than  a  mile  from  the  point 
where  the  Moffat  railroad  passes  over  the  crest  of  the  "Divide,"  via 
Rollins  Pass,  and  has  an  altitude  of  about  11,300-11,400  feet.  The 
specimens,  secured  July  18,  1916,  at  and  under  the  edge  of  a  big 
snow-field  close  to  the  north  end  of  this  lake,  contained  twenty- 
nine  sexually  mature  enchytraeids  and  nineteen  others  in  various 
stages  of  immaturity.  All  of  the  specimens  were  collected  in  moss 
and  under  old  wood.  They  occurred  in  such  abundance  that  the 
possible  rate  of  collection  was  estimated  at  50-100  per  hour.-  Under 
the  conditions  of  their  habitat,  they  were  sluggish,  but  responded  to 
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contact  stimuli  and  crawled  slowly  when  disturbed.  Although  none 
of  them  was  found  on  or  in  the  snow,  they  occurred  in  abundance 
under  it.  While  these  worms  cannot  strictly  be  included  with  the 
"glacier  worms"  described  from  certain  other  parts  of  the  Rocky 
Mountain  region,  yet  it  appears  that  their  habitat  represents,  in 
part,  a  combination  of  the  conditions  of  the  snow-field  and  the  ter- 
restrial environments. 

Definition. — Length,  13-21  mm. ;  average,  17.5  mm.  Diameter, 
about  0.61  mm.  Somites,  58-73 ;  average,  63.7.  Color  of  alcoholic 
specimens,  yellowish  to  light  brown.  Prostomium  blunt,  smooth, 
rounded.  Head  pore  at  tip  of  prostomium.  Setae  sigmoid;  ap- 
proximately uniform  in  size  and  shape;  5-8  in  ventral  bundles  in 
anteclitellar  region,  3-5  in  lateral  bundles;  2-5  in  ventral  bundles 
in  postclitellar  region,  2-3  in  lateral  bundles.  Clitellum  distinctly 
developed,  on  XII-XIII.  Brain  about  twice  as  long  as  wide ;  lateral 
margins  almost  parallel;  anterior  and  posterior  margins  distinctly 
emarginate.  Origin  of  dorsal  blood-vessel  in  XVIII ;  small  cardiac 
body  present.  Nephridia  of  usual  mesenchytraeid  type ;  small  ante- 
septal,  and  large,  irregular  postseptal  part;  origin  of  efferent  duct 
on  ventro-caudal  surface  of  latter.  Spermiducal  funnel  large,  con- 
torted ;  about  five  times  as  long  as  diameter ;  collar  absent.  Sperm 
duct  very  long,  extending  caudad  within  ovisac  to  XIX ;  much  con- 
torted throughout  entire  length;  diameter  approximately  uniform. 
One  pair  of  ovisacs  extending  from  XII/XIII  to  XXII-XXVI; 
both  independent  from  origin ;  contain  sperm  sacs  and  sperm  ducts. 
One  pair  of  sperm  sacs  extending  caudad  from  XI/XII  to  XV- 
XVII ;  vary  somewhat  in  length ;  each  contained  within  correspond- 
ing ovisac.  Penial  bulb  large,  subglobular ;  atrium  small,  eight  atrial 
glands  present;  numerous  groups  of  multicellular  glands  within 
bulb.  Spermathecae  elongate,  extending  to  VII- VI II ;  ducts  narrow, 
no  glands  at  ectal  openings ;  ampullae  long,  terminations  expanded ; 
no  connection  with  digestive  tract. 

The  type  and  eight  paratypes  are  in  the  collection  of  the  writer. 
Paratypes  have  also  been  deposited  in  the  collection  of  the  United 
States  National  Museum  and  in  the  collection  of  Professor  Frank 
Smith. 
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Affinities. — So  IcHig  as  a  considerable  number  of  foreign  species 
remain  so  briefly  described,  attempts  to  indicate  relationships  must 
of  necessity  be  attended  by  tmcertainty.  It  appears  that  Mes,  alius 
differs  from  all  of  the  foreign  forms,  as  they  are  described  at 
present,  in  the  possession  of  the  enlarged  and  elongated  spermathecse, 
such  organs  being  apparently  confined  to  North  American  species. 
The  structure  of  the  spermathecae  puts  the  species  into  the  group 
composed  of  asiaticus,  harrimam,  setchelU,  franciscanus,  obscurus, 
maculatus,  vegte,  otob,  and  gelidus,  differing  from  these  mainly  by 
the  complete  absence  of  diverticula.  The  character  of  the  ovisacs 
and  spenn  sacs  allies  it  with  harrimani,  fuscus,  fuscus  var.  inermis, 
gelidus,  and  possibly  certain  others  not  described  in  sufficient  detail 
to  permit  definite  conclusions.  With  reference  to  the  structure  of 
the  penial  bulb,  it  resembles,  to  varjring  extents,  grandis,  vegte, 
setchelU,  maculatus,  obscurus,  and  eastwoodi.  It  does  not  seem 
possible  at  present  to  specify  with  any  further  accuracy  the  affinities 
of  this  species.  It  should  be  noted  that  all  of  the  above-mentioned 
species  are  known  only  from  the  Pacific  coastal  r^on  of  North 
America. 

External  Morphology 

The  body  of  Mes.  alius  is  elongate,  smooth,  slender,  cylindrical, 
and  tapers  slightly  in  the  region  of  the  two  extremities.  The  length 
in  the  mature,  alcoholic  specimens  varies  from  13  to  21  mm.,  the 
average  being  17.5  mm.  In  the  r^on  of  tfie  ditellum,  the  diameter 
is  about  0.61  mm.,  the  variation  depending,  at  least  in  part,  on  the 
d^^ee  of  body  contraction.  The  inters^^ental  grooves  are  more 
distinct  anterior  to  the  ditellum  and  in  the  immediate  r^on  of  the 
caudal  extremity,  but  are  obscure  throughout  the  remainder  of  the 
body.  The  number  of  somites  varies  from  58  to  73,  the  average 
being  63.7.  Certain  mature  specimens  have  only  about  40,  but  an 
examination  of  the  posterior  end  showed  indications  of  loss  of  the 
terminal  somites  and  such  individuals  were  not  r^^rded  as  repre- 
sentative. No  pigment  occurs  in  the  body-wall  or  in  the  internal 
organs,  the  body  as  a  whole  being  sub-opaque,  with  a  slight  yellow- 
ish or  brownish  color.  The  ditellum  occurs  on  XII-XIII  and  is 
continuous  on  all  aspects  of  these  somites.    It  is  well  developed, 


Digitized  by  VjOOQIC 


70  PAUL  S.  WELCH 

its  limits  are  distinct  in  the  mature  specimens,  and  the  component 
cells  are  approximately  imiform  in  length,  except  in  the  r^on 
about  the  penial  bulb  invaginations  where  they  are  somewhat  shorter. 
The  prostomium  is  blunt,  smooth,  rounded,  and  bears  a  small,  incon- 
spicuous head  pore  on  its  apex.  The  setae  are  distinctly  sigmoid 
and  disposed  in  tfie  usual  way  in  this  genus.  They  are  so  deeply 
set  in  the  body-wall  tfiat,  in  some  cases,  it  was  f otmd  impossible  to 
determine  accurately  the  number  per  bundle  from  whole,  cleared 
specimens,  owing  to  the  fact  that  setae  are  sometimes  present  but 
almost  entirely  witfiin  the  body-wall.  It  was  necessary  to  depend 
upon  serial,  transverse  sections  for  accurate  counts.  In  the  ventral 
rows,  the  number  of  setae  per  bundle  varies  from  5  to  8,  usually  6 
or  7,  anterior  to  the  clitellum,  and  from  2  to  5  posterior  to  the 
clitellum,  usually  4  or  5.  In  the  lateral  rows,  anterior  to  the  clitel- 
lum, there  are  3-5  setae  per  bimdle,  and  2-3  per  bundle  behind  the 
ditelltmi.  Setae  are  present  on  XIII  but  are  not  specialized.  In 
mature  specimens,  the  position  of  each  penial  bulb  invagination  is 
made  prominent  by  the  protruding  margins. 

Internal  Morphology 

Brain. — ^The  brain  lies  in  I  and  II,  principally  in  the  former. 
The  length  is  about  twice  tfie  width,  a  typical  measurement  being 
as  follows:  length,  0.126  mm.;  width,  0.054.  Both  anterior  and 
posterior  margins  are  distinctly  emarginate  and  the  lateral  margins 
are  approximately  parallel.  Two  pairs  of  supporting  strands  ex- 
tend from  the  lateral  margins  to  the  body-wall. 

Blood  Vascular  System, — The  dorsal  blood-vessel  arises  in 
XVIII  and  is  distinctly  swollen  in  each  of  the  somites  posterior  to 
the  clitellum.    A  small  cardiac  body  is  present. 

Nephridia, — The  nephridia  are  of  the  typical  mesenchytraeid 
type.  The  anteseptal  part  is  merely  a  nephrostome,  while  the  post- 
septal  part  is  large,  irregular,  somewhat  lobulate,  with  the  efferent 
duct  arising  from  the  ventro-caudal  surface.  The  organ  as  a 
whole  shows  a  considerable  amount  of  variation  in  size,  shape,  and 
general  proportions. 

Spermiducal  Funnel. — The  spermiducal  fimnels  are  conspicu- 
ous organs  in  the  ditellar  region.    Each  is  long,  cylindrical,  con- 
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torted,  of  approximately  tmiform  diameter  and  without  a  collar  at 
the  free  extremity.  Each  fumiel  is  about  five  times  longer  than 
wide  and,  in  some  of  the  specimens  examined,  extends  through  both 
XI  and  XII.  Not  only  do  they  vary  in  degree  of  contortion  but  the 
position  in  the  body  cavity  is  not  constant.  There  is  a  general 
tendency  for  one  or  both  to  be  located  caudad  of  the  usual  position. 
In  certain  specimens  examined,  one  funnel  is  in  the  usual  position 
while  the  corresponding  one  on  the  opposite  side  is  farther  caudad 
in  XII  and  XIII.  Specimens  were  studied  in  which  both  funnels 
are  in  XII  and  XIII.  Sections  showed  that  sometimes  a  funnel 
is  shifted  from  its  usual  position  in  XI  back  into  the  anterior  part 
of  the  sperm  sac. 

The  sperm  duct  is  very  long,  extending  caudad  as  far  as  XIX. 
It  is  very  much  contorted  throughout  the  entire  course  so  that  its 
true  length  is  not  represented  by  the  number  of  somites  through 
which  it  extends.  Each  lies  in  the  ovisac  of  the  same  side  of  the 
body,  but  not  within  the  sperm  sac. 

Sperm  Sacs  and  Ovisacs. — In  this  species  is  found  a  pair  each 
of  sperm  sacs  and  ovisacs  which  are  intimately  related  in  their 
mode  of  origin  and  general  position.  The  sperm  sacs  are  formed 
by  caudal  reflections,  a  right  and  a  left,  of  the  septum  XI/XII  to 
form  two  hollow  tubes  into  which  the  maturing  spermatozoa  pass. 
These  sacs  vary  in  the  diflferent  specimens  with  respect  to  the  length 
and  amount  of  distension.  The  two  sacs  of  the  same  individual  may 
not  be  equal  in  length.  In  the  specimens  studied,  the  sperm  sacs 
extend  caudad  to  XVI-XVII.  Each  sac  is  contained  within  the 
corresponding  ovisac. 

The  ovisacs  are  extensive,  hollow  tubes  which  arise  as  caudal 
reflections,  a  right  and  a  left,  of  the  septum  XII/XIII.  Both  are 
independent  from  the  beginning  and  each  occupies  a  considerable 
portion  of  the  ccelom,  laterad  and  ventrad  of  the  digestive  tract. 
One  may  be  longer  than  the  other  in  the  same  specimen  but  both 
extend  well  caudad.  In  the  specimens  examined,  the  posterior 
extent  was  found  to  be  XXII-XXVI.  Each  ovisac  contains  the 
sperm  duct  and  the  sperm  sac  for  the  same  side  of  the  body,  and, 
in  addition,  contains  the  developing  egg  masses. 
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Penial  Bulb. — A  pair  of  large  penial  bulbs  occurs  in  the  usual 
position  in  XII.  In  structure,  they  conform  to  Eisen's  mesenchy- 
traeid  type  ('05,  p.  7)  and  consist  essentially  of  two  sets  of  struc- 
tures, the  penial  bulb  proper  and  the  atrium  with  its  associated  parts. 
In  the  fully  retracted  condition,  the  two  bulbs,  including  the  penial 
invaginations,  occupy  more  than  one-half  of  the  codom  in  XII. 

The  penial  bulb  is  situated  on  a  deep  invagination,  lined  by  a 
continuation  of  the  external  hypodermis  and  cuticula.  In  transverse 
section  of  the  body,  this  invagination  is  slit-like,  except  at  the  mesal 
extremity  where  it  expands  into  a  foot-shaped  enlargement.  The 
transition  from  the  external  h3rpodermis  to  the  lining  of  the  invagi- 
nation is  accompanied  by  less  reduction  in  thickness  than  is  the  usual 
condition  in  enchjrtraeids.  The  internal  structure  of  the  bulk  proper 
has  the  characteristic  complexity  of  the  mesenchytraeid  type.  Many 
lobular,  multi-cellular  penial  glands  occupy  most  of  the  interior, 
each  opening  into  the  penial  invagination.  They  are  so  closely 
massed  together  that  an  accurate  count  is  almost  impossible.  All 
have  essentially  the  same  structure,  although  considerable  variation 
'occurs  in  size  and  shape.  Accessory  glands  appear  to  be  absent 
Numerous  muscle  strands  radiate  through  the  interior  of  the  bulb, 
extending  among  the  penial  glands.  While  these  glands  occur 
throughout  the  organ,  the  majority  of  them  lie  in  the  dorsal  and 
mesal  parts.  The  usual  retractor  muscle  extends  latero-dorsad  from 
the  innermost  tip  of  the  penial  invagination  to  the  body-wall.  A 
thin,  delicate  peritoneimi  forms  the  envelope  for  the  whole  organ. 

The  atrium  imites  with  the  penial  bulb  at  the  dorso-mesal  part, 
opening  into  the  penial  invagination.  It  is  only  moderately  devel- 
oped, rather  short,  spindle  shaped,  and  merges  gradually  with  the 
sperm  duct  a  short  distance  from  the  margins  of  the  penial  bulb. 
The  greater  part  of  the  atrium  is  within  the  latter.  From  the  ectal 
end,  which  protrudes  into  the  penial  invagination,  it  extends  meso- 
dorsad  through  the  bulb  and  beyond  it  for  a  very  short  distance, 
then  bends  caudad  to  meet  the  sperm  duct.  The  total  length  is  not 
more  than  that  of  the  fully  retracted  penial  invagination,  and  the 
maximum  diameter  is  only  about  0.08  mm.  It  is  thick  walled,  the 
thickness  being  due  largely  to  the  well-developed  longitudinal  muscle- 
layer  which  extends  the  full  length  of  the  atrium.    The  maximum 
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thickness  of  this  muscle-layer  is  about  0.016-0.02  mm.  A  narrow 
zone  of  deeply  staining  nuclei  occurs  just  entad  of  this  muscle-layer, 
the  exact  nature  of  which  has  not  been  determined.  The  lining  of 
the  lumen  of  the  atrium  is  composed  of  a  single  layer  of  large,  almost 
dear  cells,  nucleated  at  the  bases  and  ciliated  on  the  exposed  sur- 
faces. Well-developed  atrial  glands  are  present  and,  in  the  speci- 
mens examined,  the  number  is  eight.  They  all  unite  at  the  same 
level  with  the  upper  part  of  the  atrium,  each  entering  independently. 
The  point  of  union  is  very  close  to  the  margin  of  the  penial  bulb, 
in  fact,  the  glands  and  their  ducts  are  so  closely  associated  with  the 
bulb  that  a  critical  examination  of  sections  was  required  in  order  to 
distinguish  them.  They  are  large,  multicellular,  pyriform  organs, 
somewhat  irregular  in  shape  and  var3ring  slightly  in  size.  They  do 
not  extend  out  loosely  into  the  coelom  but  are  closely  applied  to 
the  penial  bulb.  The  ducts  are  very  small  and  easily  overlooked,  the 
best  view  being  f  otmd  in  sections  made  at  right  angles  to  the  lumen 
of  the  atrium.  At  first  sight,  they  appear  to  be  large  penial  glands, 
but  more  careful  examination  shows  that  the  staining  reaction  of  the 
two  groups  of  glands  is  not  the  same. 

SpermathectB, — ^This  species  belongs  to  the  group  having  long, 
prominent  spermathecx  which  extend  through  a  number  of  somites. 
The  ectal  opening  occurs  in  the  usual  position  in  IV/V  and  is  char- 
acterized by  a  conical  thickening  of  the  cuticula  above  the  aperture 
and  the  absence  of  associated  glands.  Unlike  many  ench3rtrseids, 
the  spermathecse  of  this  species  occur  entirely  ventrad  of  the  alimen- 
tary canal,  and  in  all  of  the  specimens  examined,  they  cross  over 
about  midway  of  their  length  so  that  in  the  somites  containing  the 
terminations  of  these  organs  the  ampulla  on  the  right  side  really 
belongs  to  the  left  spermatheca,  and  the  ampulla  on  the  left  to  the 
right  spermatheca.  Diverticula  are  absent  and  it  is  difficult  to  deter^ 
mine  the  precise  extent  of  the  duct  and  the  ampulla.  However,  <each 
organ  is  usually  present  in  V  as  a  narrow  duct,  expanding  fn  VI  or 
VII  to  form  the  ampulla.  Both  organs  end  blindly  and  have  no 
connection  with  the  digestive  tract.  The  terminations  are  distinctly 
distended  and  in  the  mature  individuals  contain  a  considerable  quan- 
tity of  spermatozoa.  The  two  organs  of  the  same  individual  vary 
somewhat  in  extent,  usually  one  being  shorter  than  the  other.    In 
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some  instances,  the  spennatheca  on  one  side  extends  into  the  poster- 
ior part  of  VIII  while  the  opposite  one  ends  in  VII.  None  of  the 
spermathecae  examined  extend  beyond  VIII. 

The  writer  pointed  out  in  ax  previous  publication  ('16,  pp. 
99-100)  that  as  judged  from  the  literature,  enlarged  and  greatly 
elongated  spermathecae,  similar  to  the  ones  described  above,  have 
been  fotmd  only  in  certain  American  species  from  the  Pacific  Coast 
r^on.  At  present,  the  list  includes  seven  species  described  by 
Eisen  ('05) :  Mes,  harrimani,  Mes.  setchelli,  Mes.  franciscanus, 
Mes.  obscurus,  Mes.  maculatus,  Mes.  vegcB,  and  Mes.  orccB.  Pos- 
sibly Mes.  asiaticus  Eisen  should  also  be  included.  To  this  list 
should  be  added  Mes.  gelidus  Welch  and  Mes.  alius,  n.  sp.  It  ap- 
pears that  the  spermathecae  of  the  latter  differ  from  those  possessed 
by  any  of  the  above-mentioned  species  in  the  total  absence  of  diver- 
ticula. Aside  from  Mes.  orcce  and  Mes.  asiaticus  which  have  dimin- 
utive spermathecal  diverticula,  the  other  species  have  diverticula  as 
well-developed  and  prominent  organs.  Further  discussion  of  en- 
larged spermathecae  occurs  in  the  writer's  previous  paper  ('16,  p. 
100). 

An  interesting  feature  of  the  spermathecae  of  this  species  is 
the  crossing  over  described  above.  All  of  the  specimens  examined 
showed  the  same  condition,  indicating  that  it  is  apparently  the  nor- 
mal form  for  the  species.  Since  these  organs  end  blindly  and  are 
not  connected  with  the  digestive  tract,  some  variation  in  the  posi- 
tion of  the  terminations  with  reference  to  the  other  internal  organs 
might  be  expected.  However,  the  fact  that  they  extend  through 
several  somites  separated  by  the  usual  septa  indicates  that  probably 
this  crossing  over  occurred  when  the  organs  were  developing,  rather 
than  after  their  full  length  had  been  attained.  This  interpretation 
is  supported  by  the  fact  that  the  crossing  over  seems  to  be  constant 
in  diaracter.  Ad<fitipnal  support  also  appears  in  the  discovery  by 
Eisen  ^^,  pp.  102-104)  that  in  some  of  the  specimens  of  Henlea 
gudftemalcB  ^hc  spermathecae  cross  over  before  effecting  their  inde- 
pendent union  with  the  digestive  tract,  a  condition  which  could  have 
arisen  only  in  connection  with  the  development  of  the  organs. 
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Hefdea  urbanensis  Welch 

This  species  was  originally  described  by  the  writer  ('14,  pp. 
134-140)  from  a  single,  sexually  mature  specimen,  found  near  Ur- 
bana,  Illinois,  in  the  rich  soil  of  undisturbed  forest-land,  and,  up 
to  the  present  date,  nothing  further  was  known  as  to  its  distribu- 
tion. Through  the  courtesy  of  Miss  Bessie  R.  Green,  the  writer 
has  recently  been  able  to  study  a  collection  of  enchytraeids  which 
were  collected  in  a  limited  locality  on  the  shore  of  Yellow  Bay, 
Flathead  Lake,  Montana,  on  July  20,  1914.  These  worms  occurred 
in  the  moist  earth  under  moss  on  the  banks  of  a  small  stream  located 
near  the  University  of  Montana  Biological  Station.  They  were 
also  found  on  logs  which  had  fallen  into  the  stream.  The  sur- 
rounding r^on  is  wooded  and  has  an  elevation  of  about  3,000  feet. 
The  stream  is  a  typical  mountain  one,  being  clear,  cold,  and  rather 
swift.  This  collection  contained  five  completely  mature  specimens 
and  five  others  in  various  states  of  immaturity.  Critical  examina- 
tion of  serial  sections  made  from  mature  individuals  revealed  so 
close  a  correspondence  with  the  description  of  the  tjrpe  specimen 
of  HetUea  urbanensis  that  they  are  without  question  the  same  species. 
Any  of  the  deviations  from  the  original  description  can  easily  be 
accounted  for  as  variations  within  the  same  species.  The  following 
discussion  of  the  chief  morphological  features  will  indicate  these 
variations  and  extend  the  description  as  originally  given. 

External  Morphology 

The  length  of  the  mature  specimens  varies  from  10  to  15  nun., 
the  average  being  12.5  mm.  It  will  be  noted  that  this  dimension 
falls  considerably  below  that  of  the  t)rpe  specimen,  but  a  part  of 
this  discrepancy  may  be  due  to  contraction  of  the  animals  during  the 
killing  and  fixing  process.  It  is  also  possible  that  the  Montana  speci- 
mens are  somewhat  smaller.  In  any  case,  this  particular  difiFerence 
cannot  be  r^^rded  as  specially  significant.  The  maximum  di- 
ameter, which  occurs  in  the  clitellar  r^on,  is  about  0.61  mm.  The 
number  of  somites  varies  from  SO  to  53,  the  average  being  51.8. 
Owing  to  the  lade  of  evidence  as  to  the  number  of  somites  of  the 
type  specimen,  no  comparison  of  these  data  can  be  made.    The  color 
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of  the  alcoholic  material  is  light  yellowish  to  light  brown.  The 
prostomium  is  rounded  on  the  tip,  somewhat  bltmt,  short,  concave 
on  the  dorsal  surface,  and  bears  a  distinct  head  pore  at  O/I. 

On  the  anterior  and  middle  parts  of  the  body,  there  are  4-8  setae 
per  btmdle,  5-7  being  more  conmion,  while  on  the  posterior  r^on, 
the  number  decreases  to  2-4.  All  of  the  setae  of  the  body  are  ap- 
proximately straight,  both  at  the  distal  and  proximal  extremities. 
In  connection  with  the  reexamination  of  the  tjrpe  specimen  from 
Urbana,  it  was  discovered  that  the  statement  in  the  original  descrip- 
tion ('14,  p.  135)  that  the  proximal  ends  of  the  setae  are  "distinctly 
bent"  requires  some  modification  since  they  are  approximately 
straight  in  form,  the  outer  setae  only  of  each  bundle  deviating  from 
the  strictly  straight  condition  by  bending  very  slightly  away  from 
the  central  axis  of  the  bundle.  The  outer  setae  of  each  bundle  are 
longer  and  stouter  than  the  inner  ones,  a  ccmtrast  which  recalls  the 
condition  in  the  genus  Fridericia,  although  the  difference  is  less  than 
that  usually  found  in  the  latter. 

A  well-developed  clitellum  occurs  on  XII-XIII  and  sometimes 
to  some  extent  on  the  posterior  part  of  XI.  It  is  continuous  around 
the  body,  showing  practically  no  diminution  of  thickness  on  the 
ventral  surface.  The  component  cells  are  closely  crowded  together 
and  in  the  thickest  r^on  are  5-6  times  longer  than  thick.  The 
clitellum  on  the  type  specimen  corresponds  exactly  with  those  on 
the  Montana  specimens  with  the  exception  that  its  thickness  is  some- 
what greater. 

Internal  Morphology 

Lymphocytes. — ^The  l)miphocytes  are  large,  broadly  oval  in 
shape,  very  numerous,  and  scattered  throughout  the  whole  body- 
cavity.  Each  is  distinctly  nucleated  and  is  composed  of  a  relatively 
large  amount  of  granular  cytoplasm.  Although  there  is  some  varia- 
tion in  size  and  shape,  there  appears  to  be  only  one  type.  The  maxi- 
mum diameter  varies  from  about  0.04  to  0.056  mm. 

The  above-mentioned  characters  apply  equally  well  to  the 
lymphoc)rtes  of  the  type  specimen  from  Urbana.  In  a  few  somites 
of  the  latter,  cephalad  of  the  clitellum,  they  are  so  numerous  that 
they  almost  completely  fill  the  coelom. 
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Brain, — Every  detail  of  the  original  description  holds  for  the 
Montana  specimens  and  no  additional  comment  is  required. 

Peptonephridia. — In  general  structure,  extent,  and  relation  to 
the  digestive  tract,  these  organs  do  not  differ  to  any  d^ree  from 
those  of  the  type  specimen.  There  is  a  slight  variation  in  the  num- 
ber and  size  of  the  branches,  which,  however,  cannot  be  r^^rded 
as  very  significant.  They  arise  from  the  alimentary  canal  in  V  and 
extend  caudad  to  VIII.  Both  dorsal  and  ventral  organs  are  com- 
paratively simple,  apparently  single  and  tubular.  Sparse  branching 
occurs  at  one  or  two  points  along  their  course. 

Intestinal  Diverticula, — Critical  examinations  of  serial  sections 
made  in  transverse  and  frontal  planes  show  that  the  structure  of 
the  intestinal  diverticula  of  the  Montana  material  corresponds  almost 
exactly  with  that  of  the  same  organs  in  the  Urbana  specimen.  Since 
the  latter  was  described  in  detail  (Welch,  14,  pp.  137-139),  no 
morphological  discussion  will  be  given  here.  The  paper  just  men- 
tioned contains  a  structural  comparison  of  some  of  the  various  intes- 
tinal diverticula  which  occur  in  species  of  Henlea  and  it  is  pointed 
out  that,  so  far  as  could  be  judged  from  the  literature,  the  mor- 
phology of  the  intestinal  diverticula  of  H,  urbanensis  differs  from 
that  of  any  species  then  known.  However,  since  that  time,  Friend 
('15,  pp.  203-204)  has  described,  in  some  detail,  the  structure  of 
the  pair  of  diverticula  occurring  in  H,  fragilis  which  corresponds 
very  closely  to  those  of  H,  urbanensis,  the  only  important  differences 
being  the  absence  of  chloragog  cells  and  the  presence  of  a  larger 
number  of  internal  folds  on  the  mesal  side.  A  pair  of  diverticula 
are  said  to  occur  (Southern,  '09,  p.  146;  Friend,  '12,  pp.  577-598) 
in  VII  or  VIII  in  H,  hibemica  Southern,  H,  att^nuata  Friend,  H, 
heterotropa  Friend,  H,  fridericioides  Friend,  and  H,  triloba  Friend, 
but  the  structure  has  not  been  described  for  any  of  them,  making 
comparison  impossible. 

Dorsal  Blood-vessel, — ^The  dorsal  blood-vessel  arises  in  the 
extreme  posterior  part  of  VIII  or  the  anterior  part  of  IX  and  is 
distinctly  enlarged  at  the  origin.  It  is  evident  that  there  is  not  an 
exact  correspondence  with  the  position  of  origin  as  given  for  the 
type  specimen  but  such  slight  variation  is,  no  doubt,  within  the  limits 
of  a  species. 
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Penial  Bulb. — ^The  structural  detail  of  this  organ  corresponds 
so  closely  with  the  original  description  that  only  one  or  two  varia- 
tions deserve  comment.  In  the  Montana  specimens,  the  cells  com- 
posing the  body  of  the  bulb  are  not  so  distinctly  differentiated  into 
the  three  kinds  previously  described,  although  they  appear  to  be 
represented.  The  series  of  cells  arranged  radially  about  the  penial 
lumen  is  not  as  complete  and  the  gland  cells  composing  the  dorsal 
part  of  the  bulb  differ  but  slightly  from  those  of  the  ventral  part. 

SpermatheccB. — ^The  spermatheca  lie  in  the  usual  position  in  V, 
the  ectal  opening  of  each  being  laterad  in  the  intersegmental  groove 
IV/V  and  the  ental  opening  at  the  posterior  part  of  V  on  the  dorsal 
side  of  the  digestive  tract.  Each  opens  independently  into  the  lat- 
ter. A  distinct  rosette  of  glands  occurs  about  the  ectal  opening. 
Viewed  as  a  whole,  the  organ  shows  no  differentiation  between  the 
duct  and  the  ampulla,  having  a  maximum  diameter  of  about  0.148 
mm.  near  the  ectal  opening  and  gradually  decreasing  in  size  to  the 
union  with  the  digestive  tract.  An  examination  of  sections  of  this 
organ  shows  that  about  midway  of  its  length  there  is  a  distinct  ex- 
pansion of  the  lumen  of  the  organ,  probably  representing  the  ampulla 
although  its  presence  is  not  indicated  externally.  In  other  parts  of 
the  organ,  the  lumen  is  very  fine.  The  presence  of  this  expansion 
of  the  lumen  indicates  the  extent  of  the  duct  and  a  typical  set  of 
measurements  is  as  follows:  length  of  duct,  0.435  mm.;  length  of 
expanded  portion  of  lumen,  0.348  mm. ;  length  of  remainder  of  or- 
gan, 0.957  mm. ;  total  length  of  ampulla,  1.305  mm. 

It  will  be  noted  that  the  only  difference  between  the  sperma- 
thecae  of  the  Montana  and  the  Urbana  material  is  the  absence  in 
the  former  of  the  slightly  expanded  union  of  the  two  organs  just  in 
advance  of  their  fusion  with  the  digestive  tract.  While  all  of  the 
essential  parts  of  a  spermatheca  are  represented  in  these  organs, 
nevertheless  they  appear  to  have  a  very  limited  capacity  and  are 
rather  inconspicuous  features  of  the  internal  morphology.  At  first 
sight,  it  might  appear  that  these  spermathecae  are  not  completely 
developed,  but  in  all  of  the  sexually  mature  specimens  examined, 
they  were  constant  in  shape  and  d^^ee  of  development.  Further- 
more, they  were  found  to  contain  masses  of  spermatozoa,  indicating 
that  they  were  at  least  functioning  in  the  usual  capacity  of  com- 


Digitized  by  VjOOQIC 


ENCHYTR^ID-*:    (0LIG0CH-«TA)  TS? 

pletely  mature  spennathecae.  Similar  spermathecae  have  been  re- 
ported in  H.  calif omica  Eisen  and  its  two  varieties,  monticola  and 
heletuB,  and  in  H.  tenella  (Eisen).  Certain  other  briefly  described 
species  appear  to  have  similar  spermathecae. 

Nephridia  and  Spenniducal  Funnel. — ^These  organs  correspond 
to  the  previous  description  and  require  no  comment  here. 

Affinities. — ^A  critical  examination  of  the  literature  shows  that 
of  the  various  species  usually  included  under  the  genus  Henlea,  the 
following  apparently  approach  H.  urbanensis  rather  closely :  nasuia 
(Eisen),  tenella  (Eisen),  calif  omica  Eisen,  inusitata  Friend,  fragilis 
Friend,  and  fridericioides  Friend. 

Nasuia  fails  to  agree  with  urbanensis  by  possessing  spermathecae 
with  distinct  ampullae  and  in  having  the  structure  of  the  ectal  and 
ental  walls  of  the  intestinal  diverticula  quite  similar.  The  writer 
has  fotmd  nothing  in  urbanensis  to  correspond  to  the  statement  by 
Southern  ('09,  p.  146)  concerning  an  Irish  specimen  of  ftasuta: 
"The  single  specimen  obtained  was  very  dark,  each  s^;ment  having 
several  rows  of  irregular  glands." 

Tenella,  an  imperfectly  described  species  from  the  Old  World, 
seems  to  agree  closely  with  urbanensis  in  all  of  the  structures  de- 
scribed except  the  small  number  of  setae  and  the  possession  of  a 
spindle-shaped  spermiducal  funnel.  A  number  of  important  struc- 
tures are  not  mentioned. 

Calif  omica  diflfers  from  urbanensis  in  having  a  narrow  and 
pointed  prostomiiun,  no  chloragog  cells  on  the  digestive  tract  or  on 
the  dorsal  blood-vessel,  the  width  of  the  brain  exceeding  the  length, 
the  presence  of  glands  at  the  ectal  opening  of  the  spermathecae, 
and  the  position  of  the  intestinal  diverticula  in  VII.  Two  varieties, 
monticola  and  heletue,  have  been  described  for  calif  omica  by  Eisen 
but  the  above-mentioned  differences  hold  for  them  also,  except 
that  the  brain  in  heletuB  is  described  as  being  almost  square. 

Inusitata  (Friend,  '13,  pp.  83-84;  '14,  p.  136)  has  a  single  in- 
testinal diverticulum  ("bulb")  and  the  salivary  glands  are  "neph- 
ridia-like  glands"  between  the  second  and  third  septal  glands. 

Fragilis  seems  to  be  very  close  to  urbanensis,  differing  in  the 
character  of  the  spermathecae,  the  former  having  well-developed 
ampullae  and  each  member  of  a  pair  is  independent  of  the  corre- 
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spending  one  on  the  opposite  side.  The  union  with  the  digestive 
tract  is  described  as  incomplete,  the  ental  end  of  the  ampulla  end- 
ing blindly  in  the  wall-tissues  of  the  tract.  Fragilis  also  shows  the 
structure  of  the  ental  and  ectal  walls  of  the  intestinal  diverticulimi 
to  be  similar,  and  no  chloragog  cells  occur  on  the  coelomic  surface 
of  the  latter.  Chloragog  cells  are  also  absent  from  the  first  twenty 
to  twenty-five  somites. 

Fridericioides  also  seems  to  bear  considerable  resemblance  to 
the  species  under  discussion.  Although  not  completely  described, 
the  known  details  of  internal  and  external  anatomy  indicate  a  diflFer- 
ence  in  the  presence  of  a  well-defined  ampulla  on  each  spermatheca. 
Each  spermatheca  opens  independently  into  the  digestive  tract  and 
has  a  series  of  glands  at  the  ectal  opening.  Friend  (12,  p.  587) 
states  that  the  septal  glands  sometimes  consist  of  two  pairs  only. 
Three  pairs  are  present  in  urbanensis  in  the  usual  position  and  all 
are  well  developed.  However,  it  is  not  known  how  much  weight 
can  be  attached  to  variation  in  these  glands.  The  structure  of  the 
pair  of  intestinal  diverticula  is  not  described. 

It  will  be  noticed  that  some  of  the  above-mentioned  species, 
as  judged  from  descriptions  and  figures,  seem  to  resemble  urbanensis 
rather  closely.  It  is  very  possible  that  not  all  of  these  species  are 
valid  and  the  writer  is  inclined  to  expect  that  future  revision  based 
on  more  complete  morphological  data  will  place  some  of  them  in 
the  synon)rmy.  Some  of  the  apparent  differences  or  similarities 
may  be  the  result  of  incomplete  knowledge  of  variation  within  each 
species  or  of  certain  structural  features  which  are  important  in  diag- 
nosis. The  close  agreement  of  the  Montana  specimens  with  the 
original  type  specimen  from  Illinois  is  of  interest  because  of  the 
wide  separation  of  the  two  regions. 
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Introduction 

During  the  summer  of  1914,  the  Invertebrate  Zoology  class 
at  The  Marine  Biological  Laboratory,  Woods  Hole,  while  working 
on  Hydractinia  polyclina,  experienced  some  difficulty  in  finding, 
and  identifying  Tentacular  poljrps.  The  question  arose'  as  to  their 
constancy  in  the  colony,  and  it  was  suggested  by  the  instructors 
as  a  good  subject  for  special  work.  The  purpose  of  this  paper 
is  to  offer  a  brief  account  of  the  morphology,  structure,  and  de- 
velopment of  the  various  kinds  of  polyps  that  exist  in  a  colony  of 
Hydractinia  polyclina. 

This  work  was  carried  on  in  the  Department  of  Biology  at 
Ohio  University.  I  wish  to  thank  Dr.  W.  F.  Mercer,  head  of  the 
department,  for  many  valuable  suggestions  and  for  his  generosity 
in  giving  us  free  access  to  the  laboratory  equipment.  I  also  wish 
to  thank  Mr.  J.  T.  Pickering,  assistant  in  the  department,  for  his 
assistance  in  preparing  the  accompanying  figures. 
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Habitat 


Hydractinia  polyclina  lives  in  a  state  of  symbiosis  with  the 
Hermit-crab,  forming  over  the  shell  of  the  latter  a  soft,  pinkish 
covering.  It  appears  that  both  are  benefitted  by  this  community 
life,  for  while  the  Hydractinia  colony  is  furnished  with  transpor- 
tation it,  in  turn,  affords  protection  to  the  Hermit-crab,  not  only 
by  obscuring  its  shell  from  view,  but  ako  by  its  possession  of  sting- 
ing cells  by  means  of  which  it  forms  a  defense  against  the  enemies 
of  the  Hermit-crab. 

The  constant  association  of  these  forms  together  led  to  the 
belief  that  the  life  of  the  Hermit-crab  was  necessary  to  the  exist- 
ence of  Hydractinia.  That  Louis  Agassiz  found  them  growing 
in  abundance,  attached  to  rocks  in  tide  pook ;  that  Samuel  F.  Clarke 
later  found  them  growing  on  a  wharf  at  Fort  Wool,  Chesapeake 
Bay;  that  two  students  of  Woods  Hole  Laboratory  found  them 
growing  on  MytUus  edulis  and  Limulus;  that  during  the  summer 
of  1891,  Dr.  Conklin  found  them  growing  on  the  Fish  Commission 
Wharf,  Woods  Hole;  that  they  are  frequently  found  growing  on 
sponges  about  Woods  Hole  r^on ;  have  proved  their  existence  in- 
dependently of  the  Hermit-crab.  Besides  having  removed  the 
occupants  from  sheik  bearing  Hydractinia  colonies,  we  placed  the 
shells  in  wire  baskets,  and  suspended  them  below  low  tide  from  a 
wharf.  There  we  left  them  three  weeks  during  which  time  the 
colonies  became  very  luxuriant  on  the  empty  shells. 

An  additional  advantage  received  by  the  Hydractinia  colonies 
is  that  of  food  supply  furnished  by  the  young  paguri.  Miss  Bunt- 
ing reports  that  many  of  these  are  devoured  by  the  polyps  as  they 
swim  out  from  the  maternal  shell. 

Material  and  Methods 

The  material  for  this  work  was  obtained  while  studying  at  the 
Marine  Biological  Laboratory,  Woods  Hole,  during  the  summer 
of  1914.  The  shells  possessing  Hydractinia  colonies  were  found 
at  low  tide  in  Eel  Pond.  In  order  to  prevent  the  polyps  from 
contracting  into  abnormal  shapes  they  were  narcotized  by  adding, 
drop  by  drop,  a  solution  of  ten  per  cent  chloreton  in  absolute  al- 
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cohol  till  all  power  of  contraction  was  lost.  They  were  preserved 
in  a  four  per  cent  formalin  solution.  For  histological  structure 
the  best  results  were  obtained  with  iron-hematoxylin  stain.  Sec- 
tions were  made  from  seven  to  twelve  micra  in  thickness.  Camera 
ludda  drawings  were  made  of  various  magnifications. 

The  Polyps 

The  gasterozooids,  as  a  rule,  are  the  most  numerous  repre- 
sentatives of  the  colony ;  but,  sometimes,  during  the  summer  months 
reproduction  is  so  active  that  the  blastostyles,  occasionally,  are 
equally  as  numerous.  These  are  the  longest  of  the  polyps  often 
exceeding  one-fourth  inch  in  length.  They  possess  a  conical  hypo- 
stome  terminating  in  a  large  mouth.  Aroimd  the  base  of  the  hypo- 
stome  are  two  circles  of  tentacles  which  increase  in  number  with 
age  from  ten  to  thirty.  The  longest  tentacles  that  occur  on  mem- 
bers of  the  colony  are  found  here ;  they  are  crowded  with  nemato- 
cysts.  The  external  surface  is  covered  with  a  layer  of  ectoderm 
which  is  continuous  with  the  upper  ectoderm  of  the  coenosarc. 

Since  it  is  the  function  of  this  polyp  to  collect  food  for  the 
entire  commonwealth,  it  possesses  the  largest  gastral  cavity  (PI. 
VIII,  Fig.  3).  It  is  lined  with  a  single  layer  of  endoderm  continuous 
with  that  of  the  endodermal  canals  of  the  coenosarc. 

The  ectoderm  and  endoderm  are  separated  by  a  thin  structure- 
less layer  of  mesoglcea  which  will  not  be  referred  to  in  description 
of  the  other  polyps  as  it  is  common  to  all. 

The  blastostyles  are  either  male,  or  female,  though  both  sexes 
are  never  fotmd  in  the  same  colony.  The  mouth,  and  gastral 
cavity  are  both  small.  A  short  distance  below  the  mouth  are  two 
circles  of  tentacles  varying  in  number  from  ten  to  thirty,  but,  un- 
like those  of  the  gasterozooids,  are  very  rudimentary  consisting 
of  knob-like  structures  crowded  with  nematocysts.  Immediately 
below  the  head  the  walls  constrict  into  a  narrow  neck  and,  then, 
enlarge  into  a  globular  dilatation  from  which  arise  the  sporosacs.  In 
both  sexes  the  reproductive  cells  arise  in  the  body  and  migrate  to 
the  sporosacs.  In  female  colonies  the  sporosacs  are  filled  with 
e^s  that  can  be  seen  through  the  thin  ectodermal  walls  in  the  un- 
stained, as  well  as  stained,  condition  (PI.  VIII,  Fig.  2).    In  the  male 
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colonies  the  reproductive  elements  are  small,  very  numerous,  and 
stain  more  deeply  than  the  body  cells  (PI.  VIII,  Fig.  4).  Below  the 
sporosacs  the  body  again  narrows  often  into  a  slender  thread. 

The  difference  in  appearance  between  the  male  and  female 
colonies — the  male  sporosacs  being  often  much  elongated  and  of 
a  yellowish  tint  while  the  female  are  rounded  and  rose-colored — 
caused  Van  Beneden  to  r^^ard  them  as  two  distinct  species  which 
he  described  in  a  paper  published  in  1844  as  Hydractinia  lactea  and 
Hydractinia  rosea. 

The  dactylozooids  are  about  the  same  size  throughout  their 
length.  Their  distal  extremity  is  surrounded  by  a  circle  of  rudi- 
mentary tentacles  from  ten  to  sixteen  in  number.  There  is  a  very 
smaU  mouth  in  the  center.  These  have  strong,  muscular  walls  and 
are  capable  of  coiling  and  uncoiling  themselves.  As  their  function 
is  chiefly  to  protect  the  other  members  of  the  colony  they  possess 
an  abundance  of  nematocysts  (PI.  VIII,  Fig.  1). 

The  tentaculozooids  are  extremely  slender  though  often  exceed- 
ing the  dactylozooids  in  length  (PI.  VIII,  Fig.  5).  They  are  capable 
of  great  extension  and  are  characterized  by  Mr.  Hincks  as  floating 
like  long  fishing  lines  through  the  water.  In  preserved  material, 
on  the  other  hand,  they  are  contracted  to  such  an  extent  as  to  ren- 
der them  extremely  difficult  to  find.  They  are  situated  near  the 
outskirts  of  the  colony,  and  are  usually  few  in  number  as  com- 
pared with  other  members.  The  tip,  only,  is  covered  with  nemato- 
cysts.    No  mouth  is  present,  and  the  gastral  cavity  is  very  small. 

These  were  r^^rded  by  AUman  as  abnormal  dactylozooids  on 
accotmt  of  their  paucity.  Colcutt,  however,  found  them  present 
in  every  colony  of  Hydractinia  echinata  and  considered  them  as 
normally  present;  Mr.  Hincks  reports  them  as  constantly  occur- 
ring. He  also  states  that  he  distinguishes  no  difference  between 
his  Hydractinia  echinata,  and  Hydractinia  polyclina  of  Agassiz. 
I  have  found  the  Hydractinia  Polyclina  of  Woods  Hole  r^on  to 
correspond  in  every  particular  with  Colcutt's  Hydractinia  echinata, 
but  the  skeleton  differs  in  minor  details  from  that  of  Hydractinia 
echinata  as  described  by  Mr.  Hincks  to  which  reference  is  made 
imder  the  discussion  of  the  skeleton. 
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The  Skeleton 

The  skeleton  is  a  chitinous  structure  which  forms  an  irr^^lar 
crust  on  univalve  shells,  or  other  objects  on  which  the  colony  is 
growing.  The  skeletal  structures  penetrate  the  shell  by  dissolving 
the  calcareous  substances  with  an  acid,  or  erosive  agent  which  the 
animal  secretes.  The  chitin  is  then  secreted  by  the  lower  ectoderm 
of  the  coenosarc  in  thin  layers  (PI.  IX,  Fig.  4).  These  are  so  closely 
attached  to  the  shell  that  the  latter  must  be  dissolved  away  with 
dilute  hydrochloric  add  in  order  to  obtain  good  specimens  of  skele- 
ton. Pieces  of  skeleton  can  then  be  cut  from  the  shell  and  thin 
sections  made. 

The  skeleton  is  overlaid  by  coenosarc  consisting  of  two  layers 
of  ectoderm  enclosing  between  them  a  number  of  endodermal  tubes 
which  branch,  and  anastomose  promiscuously.  These  are  connect- 
ed at  intervals  with  the  canals  of  the  polyps  whose  ectoderm,  and 
endoderm  are  continuous  respectively  with  the  upper  ectoderm  of 
the  coenosarc,  and  the  endoderm  of  the  tubes.  In  this  way  the  gas- 
tral  cavities  of  all  members  of  the  colony  are  placed  in  direct  com- 
munication with  each  other. 

At  intervals,  the  skeleton  projects  above  the  coenosarc  forming 
conical  smooth  spines,  and  spinules.  These  sometimes  form  bridges 
of  chitin  over  an  intercommunicating  tube  which  led  Mr.  Hincks 
to  conclude  that  the  chitinous  covering  existed  above,  as  well  as  be- 
low the  coenosarc  (PI.  IX,  Fig.  4). 

Carter  (1873)  tells  of  a  specimen  in  the  British  Museum  in 
which  the  whole  of  the  shell  has  become  transformed  into  the  horn- 
like skeleton  of  Hydractinia.  From  the  smooth  internal  appear- 
ance, he  infers  that  the  shell  had  been  tenanted  by  an  Eupagurus 
which  left  after  the  entire  shell  had  been  transformed. 

Histology 

The  lower  ectoderm  of  the  coenosarc  is  composed  of  long  slen- 
der ceUs  quite  irregular  in  shape.  They  are  more  or  less  vacuolated, 
and  contain  a  single  nucleus  situated  near  the  center  of  the  cell. 
The  nucleus  is  oval  in  shape,  and  contains  several  nucleoli.    It  is 
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the  function  of  this  layer  to  secrete,  extend,  and  renew  the  chitinous 
skeleton. 

The  upper  ectoderm  of  the  coenosarq  is  formed  of  a  single 
layer  of  cells  more  r^^lar  in  size,  and  more  cubical  in  shape. 
Nematocysts  are  occasionally  present  in  this  layer.     (PI.  IX,  Fig.  4). 

This  layer  is  continuous  with  that  of  the  polyps,  the  main  dif- 
ference in  the  latter  being  a  greater  variation  in  shape  of  their  cells. 

The  endoderm  of  the  coenosarc  is  made  up  of  a  single  layer  of 
cubical  cells  containing  a  single,  oval  nucleus  in  their  center. 

In  the  gasterozooids  the  endoderm  contains  long,  narrow  cells 
which  vary  in  length  so  that  the  free  ends  are  not  at  the  same  level. 
In  this  way  longitudinal  ridges  are  formed  in  the  lumen  which  in 
cross  section  present  a  very  irr^fular  appearance  (PI.  IX,  Fig.  3). 
As  this  is  especially  characteristic  of  the  nutritive  polyps,  it  is  evi- 
dent that  even  in  this  low  form  of  life  the  rudimentary  alimentary 
canal  is  thrown  into  elevations  for  the  increase  of  surface. 

These  cells  are  wider  at  their  free  ends,  and  are  vacuolated. 
Their  nuclei  are  oval,  are  situated  near  the  middle  r^on  of  the 
cell,  and  possess  one  or  more  nucleoli. 

The  endoderm  of  the  blastostyles  is  composed  of  long,  narrow 
ciliated  cells.  In  the  head  region  these  often  contain  several  nuclei, 
but  in  the  body  they  possess  a  single,  large  nucleus. 

The  endodermal  cells  of  the  dactylozooids  are  approximately 
equal  in  size.  They  usually  contain  many  vacuoles,  and  a  single 
nucleus  which  is  situated  in  the  middle  of  the  cell. 

The  tentaculozooids  possess  long,  narrow  cells  which  are  more 
regular  in  size  and  shape  than  those  of  the  other  pol}rps. 

Embryology 

The  ova  have  their  origin  in  any  part  of  the  endoderm  below 
the  gonophores,  and  migrate  upward  between  the  ectoderm  and  en- 
doderm until  they  reach  the  gonophores.  Here  they  remain  till 
they  ripen  and  are  laid  (PI.  VIII,  Fig.  2). 

The  origin  of  the  sperm  cells  is  a  little  more  complicated.  At 
the  outset  the  ectoderm  of  the  gonophore  begins  to  divide  into  two 
layers,  the  inner  one  of  which  stains  deeply  and  is  destined  to  form 
the  sexual  cells.    This  layer,  in  turn,  divides  into  two,  an  outer 
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thin  layer  consisting  of  a  single  row  of  cells,  and  an  inner  one 
which  rapidly  separates  into  several  rows  of  cells.  These  stain 
deeply  and  are  known  as  spermatoblasts.  They  become  specialized 
to  form  the  mature  spermatozoa. 

The  ova  are  fertilized  at  the  moment  of  ejection.  The  polar 
bodies  are  rapidly  given  off,  cleavage  takes  place,  and  a  ciliated 
planula  is  formed.  This  becomes  attached  at  one  end,  elongates^ 
and  tentacles  are  formed  at  the  other.  At  the  basal  end  prolonga- 
tions are  given  off  to  form  the  b^innings  of  the  tubular  network. 
These  subdivide  prcmiiscuously,  the  intervening  spaces  being  grad- 
ually filled  in  by  the  extension  of  the  coenosarc,  and  the  secretion 
of  spines  and  spinules. 


Conclusions 

1.  Hydractinia  polyclina,  though  almost  invariably  associated 
with  the  Hermit-crab,  is  capable  of  an  independent  existence. 

2.  In  every  Hydractinia  colony  there  are  normally  present 
four  kinds  of  pol}rps: 

Gasterozooids. 
Blastostyles. 
Dactylozooids. 
Tentaculozooids. 

3.  The  function  of  the  gasterozooids  is  to  collect,  digest,  and 
absorb  food  for  the  entire  colony ;  that  of  the  blastostyles  is  repro- 
duction. The  function  of  both  the  dactylozooids  and  tentaculo- 
zodids  is  to  defend  the  colony  against  enemies,  the  latter  being 
especially  adapted  to  this  service  by  reason  of  its  great  length. 

4.  Judging  from  the  accoimts  of  the  many  investigations  made 
upon  Hydractinia  echinata,  we  have  concluded  that  it  is  identical 
with  Hydractinia  polyclina. 

Department  of  Biology, 

Ohio  University,  Athens,  Ohio. 
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Explanation  of  Plates 
Plate  VIII 


Fig.  1.  Dactylozooid 

Fig.  2.  Female    blastostyle 

Fig.  3.  Gastcrozooid 

Fig.  4.  Male  blastostyle 

Fig.  5.  Tentaculozooid 
Fig.  6. 
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A  colony  of  Hydractinia  polyclina  growing  on  an  Eupagurus  sheU. 


Plate  IX 

Fig.  1.    Cross  section  of  male  gonophore  x  413. 

Fig.  2.    Cross  section  of  female  gonophore  x  413. 

Fig.  3.    Cross  section  of  gastcrozooid,   middle  region    x  413. 

Fig.  4.    Cross  section  of  skeleton  x  152 


Abbrevlations 


Ch,  diitinous  skeleton. 

mes,   Mesogloea. 

E,  Egg. 

n.   Nucleus. 

En,   Endoderm. 

n.c,   Nucleolus. 

ec,   Ectoderm. 

R.T,   Rudimentary  tentacles. 

G,   Gonophore. 

S.c,   Sperm  cells. 

G.C,  Gastral  cavity. 

Sp,    Spine. 

h,  Hypostome. 

T,   Tentacle. 

L.Ec  Lower  ectoderm. 

up.ec,   Upper  ectoderm. 

L.£n,  Lower  endoderm. 

up.en,  Upper  endoderm.. 

M,  Mouth. 
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Fig  3 
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ANOTHER  CESTODE  FROM  THE  YOUNG  CAT* 
J.  £.  AcKERT  and  A.  A.  Gsant 

The  ability  of  certain  carnivore  cestodes  to  develop  in  more 
than  one  host  suggested  the  question :  Will  the  common  dog  tape- 
worm. Taenia  pisiformis  Bloch,  develop  in  the  domestic  cat  (Felis 
domestic  a). 

Several  kittens  reared  in  cages  covered  with  wire  screen 
(eighteen  mesh)  were  given  Cysticercus  pisiformis  from  the  peri- 
toneal cavity  of  the  cottontail,  SylvUagus  floridanus  mearnsii  (in- 
termediate host  of  this  dog  tapeworm). 

In  the  experiment,  three  control  and  eight  experimental  kittens 
were  used.  When  kittens  22,  23,  24,  25,  27,  29,  and  32  were  ap- 
proximately six  weeks  old,  feedings  of  cysticerci  were  made  every 
few  days  until  from  ten  (kittens  27,  29,  32)  to  approximately  sev- 
enty-five cysts  had  been  fed  to  each  kitten.  The  examinations  of 
these  animals  yielded  the  following  results: 

Kitten  2J,  examined  two  days  after  feeding,  three  tapeworms 
(length,  3.5  and  4  mm.)  in  the  small  intestine. 

Kitten  29  (died),  examined  two  days  after  feeding,  eight  tape- 
worms (length,  3.5  to  6  mm.)  in  the  small  intestine. 

Kitten  32  (died),  examined  five  days  after  feeding,  five  tape- 
worms (length,  6  to  10  mm.)  in  the  small  intestine. 

Kitten  24,  examined  twenty-one  days  after  first  feeding,  two 
tapeworms  (length,  6  mm.)  in  the  small  intestine. 

Kitten  25,  examined  twenty-two  days  after  first  feeding,  three 
tapeworms  (length,  10  mm.)  in  the  small  intestine. 

Kitten  23,  examined  fifty-two  days  after  first  feeding,  four 
tapeworms  (length,  4,  5.5,  12.5,  22  mm.)  in  the  small  intestine. 

Kitten  22,  examined  ninety-eight  days  after  first  feeding,  no 
tapeworms. 


^Contribution  No.  17  from  the  Zoological  Laboratory*  Kansas  State  Agricultural 
College.    Aid  of  Experiment  Station. 
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Of  the  cestodes  obtained  from  these  kittens,  two  from  kitten 
23  were  developed  to  the  extent  of  having  reproductive  organs  fully 
formed.    A  description  of  them  will  be  given  later. 

To  ascertain  in  what  part  of  the  digestive  tract  evagination  of 
the  cysticerci  occurs,  kitten  26  was  given  ten  of  these  cysts  on  the 
morning  of  July  24.  Upon  examination  five  and  one-half  hours 
later,  four  young  tapeworms  (evaginated  cysticerci)  were  found  in 
the  posterior  part  of  the  duodentmi  attached  to  its  wall.  The  re- 
maining six  cysts  were  in  the  stomach  still  in  the  invaginated  con- 
dition. Thus,  it  is  obvious  that  the  evagination  of  Cysticercus  pisi- 
formis  occurs  in  the  duodentmi  of  the  yoimg  cat. 

Most  of  the  tapeworms  obtained  in  the  experiment  were  young, 
but  two  specimens  had  the  reproductive  organs  fully  formed.  The 
description  here  given  includes  the  number  and  size  of  the  ros- 
tellar  hooks  of  all  of  the  tapeworms  obtained  (twenty-nine).  Head, 
0.846  mm.  in  diameter;  rostelltmi  powerful,  armed  with  a  double 
row  of  38  to  44  hooks,  alternating  large  (225  to  270  microns)  and 
small  (117  to  171  microns)  ;  ventral  root  of  small  hooks  bifid.  Neck, 
1.75  mm.  long,  slightly  narrower  than  the  head.  Genital  pores  irr^- 
ularly  alternate,  very  prominent  Proglottid  at  first  narrow  and 
much  shorter  than  broad,  becoming  nearly  square  in  the  posterior 
r^on;  testes  numerous,  filling  interior  of  proglottid,  but  not  oc- 
curring laterad  of  the  excretory  canals;  vas  deferens  coiled  before 
reaching  cirrus  pouch;  vagina  leading  to  two  ovaries  in  the  distal 
half  of  the  proglottid;  uterus  single  and  median,  not  filled  with 
oncospheres.  Length  of  strobila  22  nun.  The  lack  of  ^gs,  of 
course,  indicates  that  the  specimens  are  not  wholly  mature,  and 
this  accoimts  in  part  for  their  smaller  size.  All  of  the  other  char- 
acters, however,  agree  so  closely  with  those  of  T.  pisiformis  Bloch 
that  these  tapeworms,  apparently,  are  of  that  species. 

The  control  kittens  which  were  kept  in  the  experimental  cages, 
but  not  fed  cysticerci,  did  not  contain  a  tapeworm,  while  seven  of 
the  eight  kittens  that  were  fed  Cysticercus  pisiformis  became  infect- 
ed with  tapeworms,  all  of  which  agree  with  T,  pisiformis  in  number 
and  size  of  rostellar  hooks,  and  two  larger  specimens  agree  so  closely 
Mrith  this  species  that  they  are  considered  by  the  writers  to  be  slightly 
immature  specimens  of  T.  pisiformis  Bloch. 
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The  larval  form  of  this  tapeworm  develops  occasionally  in  hares 
and  in  mice  (Stiles,  1906:43),  but  it  is  well  known  that  its  usual 
intermediate  host  is  the  cottontail.  Considering  the  abtmdance  of 
the  latter  and  the  large  numbers  of  cats  that  have  been  examined 
for  parasitic  worms,  it  is  evident  that  T.  pisiformis  rarely  develops 
in  the  cat  However,  this  may  be  accounted  for  in  part  by  the  fact 
that  after  the  young  cottontail  has  eaten  the  tapeworm  oncospheres, 
from  six  weeks  to  two  months  are  required  for  the  cysticerci  to 
develop  and  by  this  time  the  cottontails  are  usually  large  enough  to 
evade  the  cat. 

This  cestode  is  sufficiently  generalized  to  develop  also  in  the 
fox  (Cobbold,  1876:674),  and  Benoit-Bazille  and  Dramard  (1905: 
10)  report  it  (under  the  name  of  T.  serrata  Goeze)  from  the  tiger. 
On  the  other  hand,  evidences  of  specialization  are  not  lacking.  Sev- 
eral attempts  to  infect  man  have  failed  according  to  Hall  (1913 :43) 
who  ingested  three  cysticerci  of  this  species  with  negative  results, 
and  Scott's  (1913:263)  attempt  to  infect  swine  likewise  failed. 


Summary 

The  dog  tapeworm,  T{Bnia  pisiformis  Bloch,  may  develop  in 
the  young  cat  (Felis  domesHca), 

Evagination  of  Cysticercus  pisiformis  occurs  in  the  duodenum 
of  the  domestic  kitten. 
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DEPARTMENT  OF  NOTES,  REVIEWS,  ETC. 

It  is  the  imrpote,  in  this  departmetit,  to  present  from  time  to  time  brief  original 
notes»  both  of  methods  of  work  snd  of  results,  by  members  of  the  Society.  All 
members  are  invited  to  submit  such  items.  In  the  absence  of  these  tliere  will  be  given  a 
few  brief  abstracts  of  recent  work  of  more  general  interest  to  students  and  teachers. 
There  will  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations,  and 
to  tlie  isolated  student  suggestions  of  suitable  fields  of  investigation. — [Editor.] 


ENTOMOLOGICAL  NOTES 

H(Bmoglobin  in  Chironomus. — ^Leitch  (16,  Joum.  Physiology, 
50:370-379)  reports  results  of  investigations  on  "The  Function  of 
Haemoglobin  in  Invertebrates  with  special  Reference  to  Planorbis 
and  Chironomus  Larvae."  Haemoglobin  occurs  in  certain  Chaeto- 
poda,  Nemertea,  Hirudinea,  Gephyrea,  Lamellibranchiata,  Gastro- 
poda, Brachiopoda,  Ostracoda,  Copepoda,  the  larvae  of  Musca,  and 
the  larvae  of  Chironomus.  Obviously,  zoological  kinship  is  not  cor- 
related with  the  presence  of  haemoglobin,  but  it  appears  that  its 
occurrence  among  invertebrates  is  correlated  with  a  habitat  defi- 
ciency in  oxygen.  In  connection  with  experiments  to  determine 
the  use  and  suggested  storage  function  of  haemoglobin,  it  was  found 
that  the  haemoglobin  makes  available  "by  its  power  of  binding  oxygen 
chemically,  a  quantity  of  oxygen  sufficient  for  the  needs  of  the  ani- 
mals at  oxygen  tensions  so  low  that  the  necessary  amount  is  not 
supplied  by  physical  solution."  There  is  no  storage  of  oxygen  but 
the  action  consists  in  the  "constant  binding  of  oxygen  at  the  sur- 
face of  the  body  and  the  constant  giving  up  of  it  in  the  interior: 
a  continuous  mixing  and  interchange  of  oxidized  and  reduced  blood 
kept  in  motion  by  the  beating  of  the  heart." 

Reactions  of  Drosophila. — Cole  ('17,  Joum.  Animal  Behavoir, 
7:71-80),  in  an  experimental  study  of  the  reactions  of  Drosophila 
ampelophUa,  finds  that  this  insect,  when  creeping,  shows  negative 
reaction  to  gravity,  to  centrifugal  force  which  is  equal  to  or  slightly 
greater  than  gravity,  and  to  currents  of  air  without  r^ard  to  other 
stimuli.     It  is  shown  that  gravity  is  both  a  kinetic  and  a  directive 
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Stimulus.  Apparently,  the  stimuli  causing  these  responses  are  re- 
ceived by  the  sensory  nerves  of  the  leg  muscles.  However,  it  seems 
probable  that  the  fl)ring  reactions  of  this  insect  are  not  influenced 
at  all  by  gravity. 

Insect  Blood  Cells  in  FiVro.— Glaser  (17,  Psyche,  24:1-6)  has 
experimented  with  the  cultivation  of  insect  blood  cells  in  artificial 
cultures.  Using  the  caterpillars  of  Matacosoma  americanum,  Cir- 
phis  unipuncta,  Laphygma  frugiperda,  and  Porthetria  dispar  as 
sources  of  material,  cultures  were  made  of  the  corpuscles  in  their 
own  plasma,  in  Locke's  solution,  or  in  a  mixture  of  the  two.  Prep- 
arations made  from  the  second  and  third  named  species  were  kept 
alive  for  over  a  month  without  washing  out  the  cultures  or  trans- 
ference to  fresh  media.  Cultures  of  blood  cells  taken  from  the 
last-mentioned  species  were  kept  alive  for  seventeen  weeks  with- 
out washing  or  renewal  of  the  media.  In  such  cases,  the  cells  were 
no  longer  vigorous  and  exhibited  signs  of  d^eneration,  but  when 
these  old  cultures  were  washed  out  and  renewed  with  fresh  media 
the  cells  grew  and  multiplied  as  before.  The  ordinary  amoebocytes 
were  the  only  structural  elements  in  the  blood  which  multiplied  in 
tissue  cultures.  Evidence  leads  to  the  conclusion  "that  the  blood 
cells,  after  their  differentiation  from  the  mesoderm  during  embry- 
ological  development,  simply  maintain  their  numerical  equilibrium 
in  larvae  and  adults  by  dividing  mitotically  at  certain  intervals." 

Development  of  Color  Markings, — Onslow  ('16,  Biochemical 
Journal,  10'J26-30)  has  studied  the  development  of  the  black  mark- 
ings on  the  wings  of  Pieris  brassicce  and  finds  that  they  are  caused 
by  the  oxidation  of  a  "colourless  chromogen  by  a  tyrosinase,"  a 
ferment  which  is  supplied  from  the  body-l)anph  of  the  pupa,  "pos- 
sibly by  means  of  the  wing-nervures,"  to  the  chromogen  which  has 
previously  appeared  in  the  r^ons  destined  to  become  black.  The 
form  of  the  markings  is  determined  by  the  particular  position  of 
the  chromogen.  The  oxidation  occurs  just  previous  to  the  emer- 
gence of  the  imago  and  as  soon  as  the  oxygen  of  the  air  comes  in 
contact  with  the  surface  of  the  wing. 

Effect  of  Cold  on  Malaria  Parasites, — King  ('17,  Journ.  Exp. 
Medicine,  25:495-498)  has  investigated  the  validity  of  the  older 
assumption  that  the  development  of  malaria  parasites  in  Anopheles 
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is  arrested  at  a  temperature  of  about  60  d^rees  F.  and  that  the 
parasites  themselves  are  destroyed  at  lower  temperatures.  A  series 
of  experiments  with  Plasfnodium  vivax  (the  parasite  of  tertian 
malaria)  in  the  mosquito  Anopheles  quadrimaculatus  showed  that 
it  can  survive  exposure  to  a  temperature  of  30  d^jees  F.  for  2  days, 
31  d^p-ees  F.  for  4  days,  and  a  mean  temperature  of  46  degrees  F. 
for  17  days.  In  a  smaller  series  of  experiments  with  Plasmodium 
falciparum  (the  estivo-auttmmal  parasite)  in  the  same  species  of 
mosquito,  the  sporonts  showed  a  24  hour  resistance  to  temperatures 
as  low  as  35  d^rees  F. 

Nuclear  Size  in  Nerve  Cells. — Smallwood  and  Phillips  ('16, 
Joum.  Comp.  Neurology,  27:69-75)  have  studied  the  nuclear  size 
in  the  nerve  cells  of  the  antennal  lobe  of  the  honey-bee.  Material 
from  twelve  different  stages  of  the  life  cycle  showed  a  definite 
variation  in  the  size  of  the  nuclei  which  cannot  be  explained  as  due 
to  the  effect  of  fatigue  or  old  age,  but  may  be  interpreted  as  "the 
normal  variation  present  in  these  cells."  It  is  thought  that  the 
cells  and  their  parts,  such  as  nuclei,  are  the  variable  factors  that 
are  responsible  for  the  variation  in  the  tissues  and  organs.  "In 
place  of  definite  nuclear  change  with  age,  we  find  a  constant  varia- 
tion which  tends  to  rh)rthmic." 

Classification  of  Diptera,—Ui\\och  ('17,  Bull.  Ill  State  Lab. 
Nat.  Hist.,  12:161-409)  has  recently  published  a  very  useful  paper, 
"A  Preliminary  Classification  of  Diptera,  exclusive  of  Pupipara, 
based  upon  Larval  and  Pupal  Characters,  with  Keys  to  Imagines 
in  certain  Families."  This  paper  is  intended  to  meet  the  growing 
need  of  taxonomic  and  economic  entomologists,  animal  ecologists, 
and  others  whose  work  would  be  facilitated  1^  a  synoptic  treatment 
of  the  immature  stages  of  Diptera.  It  is  rich  in  keys  and  descrip- 
tions of  the  larval  and  pupal  stages  of  species  found  in  central  Unit- 
ed States,  containing,  in  addition,  concise  information  for  the 
different  groups  on  habits,  habitats,  geographical  distribution,  and 
important  literature.  Twenty-nine  excellently  executed  plates  in- 
cluding three  hundred  seventy-three  drawings  of  various  life  his- 
tory stages  and  structural  detail  add  much  to  the  usefulness  and 
clearness  of  the  paper. 
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Biology  of  Fireflies, — Williams  ('17,  Journ.  N.  Y.  Ent.  Soc, 
25:11-33)  rqx)rts  the  results  of  an  extended  study  on  six  species 
of  American  fireflies,  Photinus  consanguineus,  Photinus  scintiilans, 
Ellychnia  corrusca,  Lucidota  atra,  Pyratomena  sp.,  and  Photurus 
pennsylvatiica.  Of  these,  the  last  named  is  the  most  brilliant  and 
the  second  named  the  faintest  in  luminescence  in  the  adult  stage. 
The  larval  light  producing  organ  in  Photurus  and  Photinus  differs 
from  the  adult  one  which  replaces  it  at  maturity.  The  chief  func- 
tion of  the  light  produced  by  adults  is  to  bring  the  males  and  fe- 
males together.  The  larvae  are  all  luminescent,  the  light  appearing 
at  two  points  on  the  eighth  abdominal  stemite.  Luminescence  also 
occurs  in  the  pupal  stage.  Eggs  are  faintly  luminous,  at  least  for 
a  short  time.  The  larvae  are  probably  all  carnivorous,  but  among 
the  adults  all  seem  to  be  herbivorous  except  the  female  of  Photurus 
which  is  carnivorous.  In  most  cases,  the  larval  life  extends  over 
the  greater  part  of  two  years.  Ellychnia  corrusca  hibernates  as  an 
adult,  but  all  the  others  hibernate  as  larvae. 

Paul  S.  Welch. 

Kansas  State  Agricultural  College. 

Notes  on  OLicocHiETA 

Development  of  Genital  Organs, — Gatenby  ('16,  Quart.  Journ. 
Micr.  Sci.,  61 :317-336)  reports  results  of  a  study  on  "The  Develop- 
ment of  the  Sperm  Duct,  Oviduct,  and  Spermatheca  in  Tubifex 
rivulorum."  The  gonads  are  formed  very  early  but  not  until  the 
worm  is  nearly  half  grown  do  the  other  parts  of  the  genital  organs 
begin  to  appear  and  the  ducts  are  not  fully  developed  until  some 
of  the  genital  products  are  ripe.  The  spermatheca  b^ns  to  ap- 
pear in  X  while  the  sperm  duct  is  still  incomplete  and  very  rudi- 
mentary. The  oviduct  is  the  last  to  be  developed.  "The  more 
highly  differentiated  structures  begin  to  develop  first,  while  the 
oviduct,  which  is  very  simple,  appears  quite  late."  No  satisfactory 
evidence  of  dimorphism  of  spermatozoa,  such  as  is  reported  by 
Dixon  (see  below),  was  found.  There  is  also  disagreement  with 
Dixon's  statement  that  testes  cannot  be  found  in  the  adult  because 
they  have  been  completely  enclosed  in  the  sperm  sac,  Gatenby  hold- 
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ing  that  the  position  of  the  testes  is  not  affected  in  any  way  by 
the  formation  of  the  sperm  sac. 

Tubifex. — ^ENxon  ('15,  Proc.  and  Trans.  Liverpool  Biological 
Society,  L.  M.  B.  C.  Memoirs,  No.  XXIII,  pp.  303-402)  presents 
results  of  an  extensive  morphological  study  of  Tubifex.  The  ex- 
ternal anatomy  and  all  of  the  principal  internal  systems  are  described 
in  some  detail,  considerable  attention  being  given  to  the  reproduc- 
tive organs.  Among  other  things,  the  formation  and  transformation 
of  the  sex  cells  are  described  and  two  distinct  kinds  of  spermatozoa 
are  thought  to  have  been  demonstrated.  A  study  of  the  parasites 
of  Tubifex  showed  the  presence  of  the  following  internal  parasites : 
Urospora  scenuridis  (grq;arine)  and  Caryophyllcms  (cestode). 
Opalina  and  Synactinamyxan  tubificis,  reported  by  other  workers 
in  Tubifex,  were  not  found.  Certain  fungi  occur  as  external  para- 
sites, appearing,  as  a  rule,  in  or  near  the  setigerous  sacs.  Vorticellce 
are  frequently  attached  to  the  body-wall,  but  are  not  true  parasites. 
A  bibliography  of  seventy-one  titles  and  seven  plates  accompany 
the  paper. 

Paul  S.  Welch. 

Kansas  State  Agricultural  College. 

PARASITES  IN   THE   MOUTH   IN   CASES  OF  PYORRHEA 

Goodrich  and  Moseley  (Jour.  R.  M.  S.,  Dec.  1916)  discuss 
the  parasites  that  are  found  accompanying  pyorrhea.  They  hold 
with  Znamensky  that  pyorrhea  always  begins  as  an  inflammation 
of  the  margin  of  the  gums,  followed  by  gradual  recession  of  the 
gum.  The  tartar  ridge  at  the  margin  of  the  giun  b  formed  by  the 
bacterial  Leptothrix  which,  if  not  r^^larly  and  completely  removed 
in  the  soft  condition,  becomes  calcified  and  forms  "hard"  tartar. 
The  authors  believe  that  the  tartar  is  deposited  chiefly  or  wholly  by 
Leptothrix,  and  note  that  excessive  amount  of  tartar  is  an  accom- 
paniment of  the  disease. 

They  believe  Leptothrix  to  be  a  pleomorphic  organism  appear- 
ing in  coccoid,  fusiform,  and  filamentous  form  under  different  cir- 
cumstances. The  plant  is  found  in  all  recessions  and  pockets  of 
the  gums,  in  crjrpts  of  the  tonsils,  and  may  occur  abundantly  in 
the  bronchial  tubes. 
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Aside  from  Leptothrix  the  authors  discuss  EntanuBba  gingimlis, 
which  a  year  or  so  ago  was  announced  to  be  the  cause  of  pyorrhea ; 
Trichomonas  hominis;  and  numerous  bacteria,  yeasts,  and  some 
spirochetes. 

While  not  prepared  to  prove  that  any  particular  organism  is 
the  primary  cause  of  pyorrhea,  the  writers  are  disposed  to  incrim- 
inate the  Leptothrix. 

Drew  and  GriflSn  (Jour.  R.  M.  S.,  April  1917)  by  devising  an 
improved  technic  have  been  able  to  present  the  best  microscopic  pic- 
ture yet  published  of  the  parasites  of  the  mouth  in  pyorrhea.  They 
have  studied  systematically  some  300  cases.  The  following  are  the 
outstanding  results:  (1)  amebae  were  found  in  every  diseased 
mouth,  tho  their  numbers  bear  no  relation  to  the  severity  of  the  dis- 
ease, and  were  never  found  in  normal  mouths;  (2)  the  same  micro- 
scopic population  was  found  in  all  cases;  (3)  tartar  is  not  always 
found  in  diseased  mouths;  (4)  Leptothrix  is  invariably  present;  (5) 
Trichomonas  was  found  in  10%  of  the  cases ;  (6)  immense  numbers 
of  spirochaetes  and  treponemata,  representing  at  least  six  species, 
are  characteristic ;  (7)  bacteria  and  streptococci  are  invariably  pres- 
ent and  often  in  immense  numbers. 

The  authors  do  not  feel  ready  to  speak  strongly  about  the 
clinical  aspects  of  pyorrhea.  They  think  that  the  amebae  have  little 
to  do  in  causing  the  disease.  They  suggest  that  mechanical  injury 
plays  an  important  part  in  the  inception  of  the  disease.  When  in- 
jury once  occurs,  it  is  believed  that  the  spirochaetes  play  the  chief 
role  in  the  disease  by  the  destruction  of  tissue  and  the  formation 
of  pockets.  The  ameboid  cells  are  thought  to  destroy  the  red  cells, 
and  the  bacteria  to  form  toxins.  The  authors  claim  that  arsenic 
preparation,  such  as  atoxyl  and  salvarsan  are  of  value  in  treatment, 
that  emetin  is  worthless,  and  that  vaccine  treatment  is  helpful. 

The  technic  is  as  follows : 

The  material  is  removed  from  the  pockets  in  the  giuns  by  a 
Pasteur  pipette  whose  fine  extremity  is  drawn  out  to  capillary  thick- 
ness. A  centimeter  of  this  is  left  on  the  pipette  and  turned  at  right 
angles  to  it.  A  little  0.5%  saline  solution  is  allowed  to  enter  this 
fine  extremity.  This  is  then  used  as  a  probe  in  the  pockets,  whence 
the  infected  material  is  drawn  into  the  salt  solution. 
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For  permanent  mounts,  a  drop  or  two  of  this  material  well 
mixed  in  the  solution,  is  spread  over  a  perfectly  clean  cover  glass. 
Then, — 

(1).     Drop  film  side  down  in  Schaudinn's  fluid  for  fixation. 

(2).  One  half  hour  in  each,— 30,  50,  70,  80%  alcohol  to  ab- 
solute. 

(3).  Pass  back  thru  these  grades,  one  half  hour  in  each,  to 
distilled  water. 

(4).  Place  for  10  or  12  hours  or  more  in  2%  iron-alum  so- 
lution. 

(5).    Stain  in  1%  haematoxylin  for  24  hours. 

(6).  Differentiate  by  immersing  in  2%  iron-alum,  watching 
the  decolorization  under  the  microscope  until  the  nuclei  are  sharply 
differentiated. 

(7).  Wash,  pass  thru  grades  of  alcohol, — 15  minutes  in  each, 
— and  clear  in  xylol.    Mount  in  balsam. 

FACTORS  INFLUENCING  THE  SPORANGIAL  CHARACTERS  OF  MYCETOZOA 

A.  E.  Hilton  (Jour.  Q.  M.  C,  Nov.  1916)  gives  a  very  sugges- 
tive analysis  of  the  factors  whose  interplay  produces  the  interesting 
variety  we  see  in  the  sporangia  of  Myxomycetes.  In  some  detail 
he  shows  how  surface  tension,  gravity,  lateral  compression,  capil- 
larity, desiccation,  internal  precipitation  of  solids, — and  all  the  con- 
ditions which  modify  any  of  these, — operate  to  produce  the  variety 
of  depressed,  globular,  cylindrical  forms  of  these  plants,  with  or 
without  stalks.  It  is  a  very  good  illustration  of  an  intelligent  effort 
to  show  how  "simple  combinations  of  well  known  forces  produce 
con^licated  results." 

PROTOPLASMIC  CONTINUITY  IN  EARLY  EMBRYONIC  DEVELOPMENT 

Cameron  and  Gladstone  (Jour.  Anat.  Physiol.  Vol.  50:  p.  207) 
advance  the  view  that  the  blastoderm  of  early  animal  embryos 
does  not  show  the  cell  demarcations  which  we  habitually  assume. 
On  the  contrary  the  cytoplasm  surrounding  the  nuclei  is  continuous, 
and  the  nuclei  themselves  should  be  looked  upon  as  the  units.    They 
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regSLTd  the  typical  cellular  structure  as  a  derived  and  somewhat 
degenerating  process.  Regarding  the  nucleus  as  central,  both  struc- 
turally and  functionally,  the  nascent  endoplasm  immediately  sur- 
rounding the  nucleus  is  derived  from  the  nucleus  which  has  manu- 
factured it  from  the  food  taken  in  by  the  cjrtoplasm.  The  nascent 
endoplasm  is  gradually  transformed  into  the  outer  maturer  endo- 
plasm, and  this  gives  rise  in  turn  to  the  ectoplasm.  The  functions 
are  less  and  less  active,  passing  from  nucleus  to  ectoplasm.  The 
authors  therefore  look  upon  the  early  embryo  as  a  differentiating 
Plasmodium.  They  claim  to  have  traced  this  condition  into  the 
three-layered  stage  in  vertebrate  embryos. 

FACTORS  CONTROLLING  THE  RATE  OF  REGENERATION 

Zeleny  (111.  Biol.  Monog.,  Aug.  1916)  continues  his  studies 
on  regeneration  and  the  factors,  internal  and  external,  that  may 
influence  it.  In  this  monograph  of  170  pages  the  author  investigates 
the  following  points  upon  amphibian  larvae: — 

1.  Rate  of  regeneration  from  new  tissue  compared  with  that 
from  old  tissue.  The  general  conclusion  is  that  the  rate  of  regen- 
eration is  independent  of  the  age  of  the  cells  near  the  cut  surface, 
except  in  those  early  stages  where  cell  migration  rather  than  cell 
division  secures  the  regeneration,  in  which  case  the  rate  of  regener- 
tion  may  be  greater  from  new  tissue. 

2.  Rate  of  regeneration  as  determined  by  successive  removal. 
The  rate  of  successive  regeneration  is  found  to  decrease  with  suc- 
cessive removals  in  the  same  individual.  The  factor  of  age  of 
course  enters  into  such  a  case.  By  eliminating  the  age  factor  the 
investigator  found  that  there  is  no  decrease  in  rate  for  the  second 
and  third  regenerations.  Indeed  the  second  has  an  advantage  over 
the  first,  and  the  third  somewhat  less  over  the  second. 

3.  The  effect  of  the  level  of  the  cut  on  the  rate  and  complete- 
ness of  regeneration.  In  general  it  was  found  that  the  rate  of 
regeneration  varies  directly  with  the  amount  of  material  cut  away, — 
the  deeper  the  cut  the  more  the  regeneration  both  in  rate  and 
amount.  But  in  any  event  the  regeneration  stops  short  of  com- 
plete replacement. 
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4.  Effects  of  degree  of  injury.  Within  reasonable  limits  re- 
generation of  a  part  is  not  retarded  by  the  simultaneous  removal 
of  other  and  different  parts.  The  removal  of  similar  parts  may 
even  accelerate  the  r^eneration ;  e.  g.,  the  right  foreleg  r^enerates 
more  rapidly  when  the  other  f orel^  is  also  removed  than  when  the 
right  alone  is  removed. 

The  author  finds  that  the  rate  of  r^eneration  varies, — starting 
slowly,  increasing  rapidly  until  near  its  maximum,  then  decreases 
rapidly,  and  finally  decreases  slowly  to  zero.  The  forces  that  cause 
the  cessation  of  regeneration  seem  to  stop  the  process  short  of  com- 
plete regeneration. 

THE   HEAD  AND   MOUTH    PARTS  OF  DIPTERA 

Peterson  (111.  Biol.  Monog.  111:2,  Oct.  1916)  presents  the  re- 
sults of  a  study  of  53  of  the  59  families  of  North  American  Diptera. 
Twenty-five  plates  with  more  than  600  figures  accompany  the  mono- 
graph. 

The  plan  consists  in  constructing  a  "hypothetical  type"  for  the 
head  capsule  and  each  of  the  mouth  parts,  with  which  to  compare  the 
particular  forms.  This  hypothetical  type  is  formed  by  consideration 
of  the  parts  of  generalized  groups  of  insects  and  of  the  less  special- 
ized conditions  in  the  Diptera  themselves.  All  the  different  parts 
are  brought  into  comparison  with  this  hypothejtical  type  as  well  as 
with  one  another. 

Modification  of  the  fixed  and  movable  parts  from  this  general- 
ized type  usually  take  the  form  of  reduction,  change  of  shape,  loss  of 
chitinization,  or  expansion  of  the  membranous  areas. 

The  results  are  too  technical  and  of  too  much  detail  to  report  in 
brief  space  and  apart  from  the  figures.  While  the  mouth  parts  show 
wide  modifications  in  the  order,  all  of  them,  including  the  epipharynx 
and  the  hypopharynx,  retain  their  relative  position, — although  they 
are  sometimes  extruded  a  considerable  distance  from  the  head 
capsule. 

The  compound  eyes  are  unusually  well  developed.  They  show 
secondary  sexual  characters  in  a  larger  ntunber  of  species  than  do 
any  other  of  the  head  parts. 
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EARLY  CASTRATION  OF  THE  VERTEBRATE  EMBRYO 

Reagan  in  a  paper  before  the  American  Society  of  Zoologists, 
after  reviewing  the  various  suggestions  as  to  the  place  of  origin  of 
the  germ  cells  of  the  vertebrate  embryo,  supports  the  contention 
of  Swift  that  in  birds  the  primordial  germ  cells  are  originated  in  a 
crescentic  area  of  entoderm  very  early  in  the  chick  embryo,  then 
enter  the  mesoderm  which  later  invades  the  r^on,  thence  enter 
the  blood  stream  by  way  of  the  blood  vessels  forming  in  the  meso- 
derm, and  migrate  from  the  base  of  the  mesentery  into  the  position 
of  the  gonad. 

By  cutting  out  the  crescentic  area  very  early  Reagan  found  that 
sex  cells  were  not  to  be  seen  in  the  gonads  at  an  age  when  in  normal 
individuals  many  large  sex  cells  are  present  in  them. 

The  writer  believes  that  this  early  castration  tends  to  show  that 
the  only  primary  sexual  characters  are  the  sex  cells  themselves,  and 
that  even  such  organs  as  the  efferent  ducts  are  secondary,  dependent 
on  secretions  from  the  gonad.  If  these  secretions  arc  from  the 
interstitial  cells  rather  than  the  sex  cells,  it  seems  that  the  presence 
of  the  sex  cells  themselves,  in  the  gonad,  is  necessary  in  order  to  in- 
duce it. 

THE  SEGREGATION  AND  RECOMBINATION  OF  CHROMOSOMES 

Corothers  (Proc.  Am.  Soc.  Zool.  1916*22)  reports  on  the 
behavior  of  the  chromosomes  in  two  species  of  short  homed  g^ss- 
hoppers.  Because  of  the  double  fact  (1)  of  constancy  in  the  size, 
shape,  and  number  of  the  homologous  chromosomes  in  each  indiv- 
idual, and  (2)  of  variations  in  the  homologous  chromosomes  in  dif- 
ferent individuals  resulting  in  certain  constant  differences  (the  latter 
fact  not  having  been  reported  before),  she  finds  that  the  s^regation 
of  the  chromosomes  may  be  traced  in  the  gametes  derived  from  both 
parents.  This  is  found  to  take  place  according  to  the  law  of  chance. 
A  further  study  shows  their  recombination  in  such  complexes  as 
would  result  from  random  unions  and  as  would  be  demanded  in 
Mendelian  inheritance. 
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LAYING  CYCLES   IN   BIRDS 

Cole  (Proc.  Am.  Soc.  Zool.  1916:  p.  32)  reports  on  two  distinct 
conditions  shown  in  the  cycle  of  egg-biying  in  birds.  In  one  the 
number  of  eggs  is  definite  and  predetermined  when  laying  b^[ins; 
in  the  other  it  is  indeterminate  and  the  cessation  of  laying  and 
b^^inning  of  brooding  is  determined  by  stimuli  that  operate  during 
the  process  of  la3ring.  In  the  latter  case  the  number  of  eggs  in  the 
nest  operates  as  such  a  stimulus.  If  the  eggs  are  removed  as 
deposited  the  period  will  be  lengthened.  The  pigeon  and  English 
sparrow  illustrate  the  determinate,  and  the  common  fowl  and  the 
house  wren  the  indeterminate  cycle. 

THE  PINEAL  GLAND  AND  PIGMENTATION 

McCord  and  Allen  (Jour.  Exp.  Zool.,  May  1917)  give  the  results 
of  experiments  upon  tadpoles  through  feeding  upon  pineal  gland 
substance.  It  was  found  that  such  feeding  had  no  effect  upon  pig- 
mentation up  to  the  tenth  day.  From  this  point  to  the  end  of  meta- 
morphosis animals  fed  upon  pineal  food,  or  absorbing  acetone  ex- 
tractives from  pineal  gland  through  the  gilk  and  skin,  pass  through 
a  striking  cycle  of  pigment  changes.  Soon  after  feeding  they  begin 
to  lose  color  and  within  thirty  minutes  all  macroscopic  appearance  of 
pig^ient  is  lost.  Unless  more  pineal  substance  is  added  complete 
restoration  of  color  occurs  in  three  to  six  hours. 

Microscopic  examination  shows  that  the  change  is  due  to  the 
aggr^^tion  of  the  pigment  in  the  center  of  the  large,  branching, 
moss-like  melanophores  of  the  sub-epithelial  tissues.  It  is  found 
also  that  the  pineal  extracts  cause  contraction  in  smooth  muscle 
fibres  as  weU  as  in  melanophores. 

The  theoretical  bearing  of  these  experiments  comes  from  the 
view, — as  is  shown  in  some  lizards, — that  the  original  pineal  body 
had  an  optical  function.  The  possible  adaptive  value  of  pigment  de- 
pends upon  light.  Eyes  are  essential  controlling  factors  in  the 
adjustment  of  color  to  the  environment.  But  in  many  types  there 
are  still  pigment  changes  even  in  blinded  specimens.  Theoretically 
the  pineal  body  might  retain  enough  of  its  light  sensitiveness  to  be 
stimulated  and  thus  to  exert  an  influence  upon  the  pigment  cells. 
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If  not,  it  nevertheless  secretes  materials  which  may  produce  pig- 
ment changes  independent  of  the  conditions  of  the  environment. 

These  facts  suggest  explanation  of  the  somewhat  diverse  and 
even  at  times  discordant  behavior  of  pigments. 

COOPERATIVE  TECHNIQUE 

McClung  (Anat.  Rec.  12:3,  April  1917)  suggests  the  need  and 
value  of  combination  and  cooperation  in  respect  to  microscopical  re- 
search, similar  to  that  which  has  proved  so  effective  in  business.  To 
this  end  he  proposes  a  concerted  series  of  studies  upon  the  technical 
processes  as  such,  by  people  prepared  to  extend  these  over  a  wide 
range  of  research.  These  results  would  be  reduced  to  the  most  com- 
pact form  and  published  together.  In  addition  there  might  be  built 
up  at  some  central  place  a  collection  of  actual  preparations  illustrat- 
ing the  use  of  these  methods,  each  the  work  of  an  expert  in  the 
particular  field.  These  slides  (or  other  form  of  object)  might  be 
subject  to  loan  to  other  microscopic  anatomists. 

FIXATION   OF   MAMMALIAN   CHROMOSOMES 

Hance  (Anat.  Rec.  12:3,  April  1,  1917)  reports  studies  illustra- 
tive of  the  view-point  of  Professor  McClung  in  the  preceding  ab- 
stract. His  task  was  to  find  processes  that  would  give  best  results 
in  revealing  chromosome  conditions  in  mammals.  Two  desiderata 
are  held  in  view: — the  general  fixation  must  be  such  as  to  avoid 
shrinkage  and  distortion;  and  the  method  must  so  far  as  possible 
lead  to  distinctness,  differentiation,  and  separateftess  of  the  chromo- 
somes in  the  various  stages. 

The  method  most  fully  meeting  these  ends  is  outlined  as  fol- 
lows: 

1.  To  be  sure  of  getting  one  or  more  specimens  in  a  "cycle  of 
division,"  material  should  be  taken  from  as  many  animals  as  pos- 
sible. 

2.  Place  small  or  finely  teased  pieces  of  fresh  tissue  immedi- 
ately into  cold  Flemming's  solution,  plus  urea.  This  should  act 
20-24,  or  more,  hours. 
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3.  If  the  above  method  does  not  succeed,  allow  the  small  pieces 
of  fresh  tissue  to  remain  exposed  to  the  action  of  the  air  for  ten 
to  twenty  minutes  before  placing  in  the  Flemming  solution.  This 
should  be  at  a  temperature  of  4®  C.    Time  as  in  2. 

4.  Wash  in  water  about  24  hours. 

5.  Dehydrate  by  very  gradual  steps. 

6.  Qear  from  95  per  cent  alcohol  in  cedar  oil  followed  by  xylol. 

7.  Imbed  in  paraffin. 

QUINCE  JELLY  AS  A  CULTURE   MEDIUM   FOR  EUGLENA 

Turner  (Anat.  Rec,  12:3,  April,  1917)  develops  a  mode  of 
culturing  Euglena  and  other  green  protozoa  in  quince  jelly,  which 
has  practical  value  for  the  general  laboratory  because  of  the  ease 
of  making  and  preserving  the  cultures.  Cultures  have  been  kept  for 
more  than  a  year,  and  may  be  successfully  transplanted. 

The  methods  and  results  may  be  summarized  as  follows : 

1.  Twenty  grams  of  dry  quince  seed  boiled  for  half  an  hour 
in  1.5  liters  of  distilled  water  produces  enough  of  the  exudate,  after 
the  seeds  are  strained  out,  to  make  a  total  culture  mass  of  2J^  liters, 
by  the  addition  of  distilled  water. 

2.  A  still  more  fruitful  medium  was  made  by  grinding  the 
seeds  to  a  fine  powder  or  meal  and  leaving  it  in  the  jelly.  Water  to 
2j4  or  3  liters  may  be  used  with  this  amount  of  meal.  This  mediiun 
has  the  disadvantage  of  being  opaque. 

3.  Cultures  develop  more  rapidly  in  a  slightly  thinner  medium, 
but  more  lasting  cultures  call  for  a  thicker  medium. 

4.  The  medium  should  be  made  slightly  alkaline,  and  the 
cultures  kept  at  room  temperature,  in  moderate  light. 

5.  Test  tubes,  vials,  and  similar  vessels  furnishing  large  ver- 
tical range  and  little  exposed  surface  are  best. 

6.  The  reactions  of  Euglena  are  modified  in  interesting  ways, 
as  compared  with  their  usual  behavior  in  water. 

"VITAL  dyes"   in   TELEOSTS 

Wislocki  (Anat.  Record.  XII,  4,  May  1917)  reports  on  experi- 
ments with  benzidine  dyes  injected  into  the  peritoneal  cavity  of 
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teleosts.  These  dye-stufFs  form  ultra-microscopic  solutions  which 
are  non-toxic  and  are  taken  up  and  housed  by  various  mono-nuclear 
cells.  Trypan  blue  in  a  few  hours  shows  as  a  pale  blue  in  all  body 
tissues  except  the  central  nervous  system  and  fatty  tissues.  The 
particulate  storage  of  the  dye  does  not  show  until  the  third  day  and 
onward,  reaching  a  maximum  in  about  a  week. 

The  building  and  storage  (phagoc)rtizing)  of  the  dyes  in  teleosts 
is  seen  in  the  endothelium  of  the  hepatic  sinuses;  by  the  reticulo- 
endothelium  of  the  spleen ;  the  endothelium  of  the  renal  portal  sys- 
tem (although  it  does  not  occur  in  the  Wolffian  body  of  amphibia 
nor  in  the  metanephros) ;  and  in  the  endothelium  of  the  Ijrmphatic 
vessels. 

ACro  COLLOIDAL  DYES  IN   BLOOD  AND  TISSUE  CELLS 

Downey  (Anat.  Rec.,  XII  :4,  May  1917)  holds  that  the  ability 
to  ingest  and  store  the  colloidal  dyes  is  not  diagnostic,  as  has  been 
thought,  in  distinguishing  between  phagocytes  of  tissue  origin  and 
those  that  have  come  from  the  blood  stream.  He  believes  that  their 
state  of  differentiation  and  the  special  conditions  under  which  they 
happened  to  exist  at  the  time  of  experiment,  and  not  their  origin,  de- 
termines their  reaction  to  the  dye.   Any  phagocyte  may  store  the  dye. 

He  agrees  that  the  coloring  is  merely  a  process  of  ingestion  and 
storage,  and  not  in  any  sense  a  real  staining  of  preformed  structures. 

GENETICS  AND  EUGENICS 

No  department  of  Biology  has  in  recent  times  more  appealed 
to  the  popular  imagination  or  has  been  more  widely  and  thoroly 
treated  by  capable  writers  than  that  of  inheritance.  This  is  not 
surprising  when  we  recall  the  great  importance  of  heredity  to  the 
whole  philosophy  of  life  and  further  realize  that  more  progress 
has  been  made  in  clearing  up  and  organizing  the  phenomena  of 
inheritance  in  the  last  25  or  30  years  than  in  all  the  rest  of  human 
history  put  together.  The  coincidence  of  this  clearer  knowledge 
of  genetics  with  several  movements  for  human  betterment  has  in- 
sured that  the  application  of  these  newly  discovered  principles  of 
animal  and  plant  breeding  should  be  made  to  human  beings, — ^at 
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least  in  theory.  In  this  way  Eugenics  has  seized  the  human  imag- 
ination,— Eugenics  meaning  "The  study  of  agencies  under  social 
control  that  may  improve  or  impair  the  racial  qualities  of  future 
generations,  either  physically  or  mentally." 

Professor  Castle,  after  developing  somewhat  historically  the 
contributions  of  various  investigators  to  our  ideas  of  evolution  and 
heredity, — including  Darwin,  Lamarck,  Weismann,  Spencer,— dis- 
cusses the  great  movements  of  biometry  and  experimental  breeding 
and  their  contribution  to  the  fundamental  problems.  His  treatment 
differs  from  that  found  in  the  similar  books  largely  in  the  omission  of 
the  customary  diagrams  and  formulae;  in  a  larger  introduction  of 
photographs  illustrating  animal  genetics ;  in  furnishing  numerous  ta- 
bles giving  the  unit  characters  which  have  been  subject  to  experiment 
in  various  plants  and  animals,  together  with  the  fact  and  d^ree  of 
dominance  in  these  characters  as  revealed  by  the  experiments;  in 
organizing  the  presentation  around  the  discoveries  themselves  rather 
than  in  accordance  with  a  priori  analysis  of  the  subject  matter,  and 
thus  giving  it  a  rather  more  objective  and  concrete  character. 

The  section  on  Eugenics  includes  chapters  on  Human  crosses; 
Physical  and  mental  inheritance  in  man;  Heredity  of  general  men- 
tal ability,  insanity,  f eeble-mindedness ;  and  the  Possibility  and 
prospects  of  breeding  a  better  human  race. 

The  book  concludes  with  an  appendix  containing  a  translation 
of  Mendel's  original  paper, — "Experiments  in  Plant-hybridization" ; 
and  an  extended  bibliography. 

The  author  intends  the  book  as  a  text  book  for  collie  stu- 
dents, as  a  reference  book  for  breeders  of  plants  and  animals,  and 
as  a  summary  of  present  views  for  the  intelligent  person  interested 
in  this  field  of  research.  In  the  opinion  of  the  reviewer  the  book 
is  well  calculated  to  succeed  in  meeting  these  purposes. 

Genetics  and  Eugenics,  by  W.  E.  Castle.  Illustrated;  346  pages.  Harvard  Uni- 
versity  Press,   Cambridge,   Mass.    1916.    Price,  $2.00,   postpaid. 
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SPENCER-TOLLES  FUND:    REPORT  FOR  1916 

Owing  to  the  failure  to  hold  the  annual  meeting  for  1916  the  following 
report  of  the  Custodian  has  not  been  acted  upon.  It  is  published  now  that 
the  Society  may  realize  that  the  $5000  goal  has  been  reached.  The  year  1916 
saw  the  largest  annual  addition  ever  made  to  the  fund.  It  is  the  hope  and 
expectation  that  the  income  of  the  Fund  will  from  this  time  forward  be 
made  effective  in  advancing  the  interests  of  microscopic  research,  and  thus 
reinforcing  the  work  of  the  Society.  Only  by  so  doing  can  we  make  the 
Fund  a  real  memorial  to  these  early  pioneers  of  microscopy. 

Reported  at  Columbus  meeting  $4489.52 

Dividends  received  $  416.22 

Sales  of  Transactions  120.00       53622 

$5025.54 
Grand  Totals 

All  contributions  to  date  $  800.27 

All  sales  of  Transactions 878.38 

All  life-memberships   300.00 

All  interest  and  dividends 3236.89    $5215.54 

LESS 

All  grants  to  date   $  150.00 

All  life-membership  dues  paid  40.00       190.00 


$5025.54 


Life-members:     (Robert  Brown,  dec'd.) ;  J.  Stanford  Brown;  Henry  B. 
Duncanson;  A.  H.  Elliott;  John  Hately;  Seth  B.  Capp. 

Contributions  of  $50  and  over:    John  Aspinwall;   Iron  City  Micro- 
scopical Society;  Magnum  Pflaum;  Troy  Scientific  Society. 

Magnus  Pflaum,  Custodian. 
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NBCROLOGT 

Charles  Edward  Hanaman  was  bom  in  Port  Schuyler  near 
Watervliet,  Albany  County,  New  York,  on  November  19,  1848. 
He  was  educated  at  St.  Paul's  School  in  Troy  and  at  the  Troy 
Academy,  and  expected  after  graduation  at  the  latter  institution  to 
attend  college.  His  father  had  large  interests  in  the  milling  indus- 
try and  wanted  the  assistance  of  his  son  in  the  business  so  much 
that  the  boy  surrendered  his  idea  of  a  college  career  and  em- 
barked upon  active  business  life.  Those  who  knew  Mr.  Hanaman 
well  were  always  conscious  of  the  real  sacrifice  that  he  made,  but 
they  were  equally  convinced  that  he  never  expressed  any  real  regret 
at  the  change  of  plan.  His  interests  in  mercantile  life  were  sur- 
rendered in  1888  in  order  that  he  might  assume  the  position  of 
Secretary  and  Treasurer  of  the  Troy  Savings  Bank,  and  after  serv- 
ing four  years  in  that  capacity  he  was  elected  President  of  the  bank, 
a  position  which  he  retained  continuously  until  his  death  which  oc- 
curred on  September  2,  1916. 

In  1900  he  was  selected  as  third  Vice-President  and  member 
of  the  Executive  Committee  of  the  Savings  Bank  Association  of 
New  York  state.  Later  he  was  twice  elected  President  of  the  same 
Association.  His  business  ability  was  utilized  in  other  directions 
also  for  the  benefit  of  the  public  as  he  served  for  twenty  years 
as  Treasurer  and  for  five  years  as  Vice-President  of  the  Troy 
Orphan  Asylum.  He  was  also  for  twenty  years  Treasurer  of  St. 
John's  Episcopal  Church.  In  all  of  these  capacities  he  served  the 
community  not  only  faithfully  but  with  marked  ability,  and  the 
different  institutions  which  enjoyed  his  services  bear  lasting  evi- 
dence of  his  integrity  and  efficiency  as  a  financial  leader. 

His  interest  in  scientific  things  was  developed  at  an  early  age. 
It  is  recorded  that  when  nine  years  old  he  started  out  with  the 
use  of  the  microscope  and  became  absorbed  in  its  revelations  so 
that  he  continued  work  with  it  throughout  his  entire  life.  He  found 
in  this  study  his  greatest  pleasure  and  an  absorbing  interest  which 
led  him  to  devote  every  spare  moment  to  it.  For  his  own  use  he 
built  up  in  the  course  of  years  a  splendid  collection  of  the  most 
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varied  instruments  of  the  biological  laboratory  and  tried  out  per- 
sonally all,  or  nearly  all,  of  the  methods  that  have  been  developed 
within  the  last  fifty  years  for  the  preparation  of  materials  and  the 
investigation  of  the  microscopic  structures  of  organisms.  His  large 
cabinet  of  prepared  specimens  was  opened  with  delight  for  any  who 
expressed  the  slightest  interest  and  even  the  technically  trained 
man  found  in  it  something  that  well  repaid  the  time  spent  in  an 
examination  of  the  materials. 

In  spite  of  the  insistent  demands  of  a  busy  commercial  life  he 
subscribed  to  many  leading  biological  journals  and  perused  them 
so  as  to  become  thoroughly  familiar  with  their  contents.  He  de- 
lighted in  nothing  more  than  to  review  current  theories  and  recent 
discussions  of  the  most  technical  type  with  those  familiar  with  such 
subjects,  who  crossed  his  path  and  in  such  discussions  displayed 
a  clearness  and  breadth  of  knowledge  that  was  as  surprising  as 
unusual  in  a  man  of  affairs.  He  was  one  of  the  early  members 
and  officers  of  the  Troy  Microscopical  Society  and  a  charter  mem- 
ber of  the  American  Society  of  Microscopists,  the  predecessor  of 
the  American  Microscopical  Society.  He  was  also  a  Fellow  of 
the  Royal  Microscopical  Society  of  London  and  the  American  Asso- 
ciation for  the  Advancement  of  Science,  and  a  member  of  the 
Biological  Society  of  Washington. 

Mr.  Hanaman  was  a  splendid  sample  of  a  type  rare  in  this 
country,  for  although  prominent  and  in  marked  degree  successful 
in  b^isiness  life  he  had  an  avocation  in  his  scientific  studies  which 
he  pursued  with  equal  zeal  and  success.  He  will  long  be  remem- 
bered as  one  who  stimulated  and  encouraged  by  his  interest  and 
vigor  the  scientific  workers  with  whom  he  came  in  contact.  Science 
needs  a  multitude  of  such  men  and  owes  a  great  debt  of  gratitude  to 
the  few  who  in  this  way  gain  interest  in  its  work  and  contribute  in 
many  ways  to  the  support  and  extension  of  that  work. 

Personally  Mr.  Hanaman  was  quiet  and  unobtrusive  so  that 
few  except  those  who  were  brought  in  immediate  contact  with  him 
knew  of  his  thorough  knowledge  of  biological  investigation  and  of 
his  personal  interest  in  that  field.  In  his  death  the  American 
Microscopical  Society  lost  a  warm  friend  and  an  active  supporter. 
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Attention  of  members  of  the 

AMERICAN  MICROSCOPICAL  SOCIETY 

is  called  to  the  announcement  of  Grants 

from  the  Spencer-Tolles  Research  Fund. 

(See  TRANSACTIONS,  July.  1013) 

These  awards  are  to  stimulate  and  aid  research  in 

Microscopic  work 

1.  The  Grantee  must  be  a  member  of  the  Society 

2.  Resulting  discoveries  must  first  be  olfersd  lor  publi- 

cation in  the  Society  Transactions. 
3*    Application  should  be  made  to  Dr.  Henry  B,  Ward, 
Chm.,  Urbana.  111. 


NOTICE  TO  MEMBERS 

It  is  a  source  of  r^^et  to  the  Editor  that  the  Transactions  can- 
not be  issued  as  dated.  The  issue  is  dependent,  however,  upon  the 
income  of  material  from  the  members,  and  must  await  upon  a  certain 
d^^ee  of  balance  in  the  material  as  well  as  quantity  of  material. 

The  Secretary  will  consider  it  a  favor  if  members  will  notify 

him  of  non-receipt  of  numbers  of  the  Transactions,  and  of  changes 

of  address. 

T.  W.  Galloway, 

Secretary-Editor. 
Beloit,  Wisconsin. 
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Introduction 

During  the  summers  of  1915-16,  the  writer  carried  on  some 
experimental  studies  with  certain  Enchytraeidse   (Oligochaeta)   at 

'^Contrilmtion  from  the  Entomological  Laboratory,  Kansas  State  Agricnltural  College, 
No.  29. 
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Woods  Hole,  Mass.  Owing  to  the  fact  that  the  known  marine  spe- 
cies of  that  locality  intermingle  in  the  same  habitats,  and  that  some 
of  them  have  been  reported  from  both  fresh-water  and  terrestial 
conditions,  it  was  necessary  to  identify  the  enchytraeids  from  the 
various  collecting  grounds  about  Woods  Hole  in  order  to  avoid 
error  in  handling  immature  individuals  and  to  insure  accuracy  in  the 
identity  of  the  materials  used.  In  spite  of  the  fact  that  two  species 
occur  in  great  abundance  in  the  environs  of  Woods  Hole  and  certain 
other  parts  of  the  Atlantic  Coast,  they  have  received  scant  attention 
from  workers  in  any  of  the  fields  of  zoology. 

The  writer  wishes  to  acknowledge  indebtedness  to  Director  F. 
R.  Lillie  for  the  privil^e  of  using  the  facilities  of  the  Marine  Biolog- 
ical Laboratory  during  the  time  this  and  other  related  work  was  in 
progress. 

Enchytileus  Ammus  Henle 

Previous  Records 

Four  records  of  this  species  on  the  Atlantic  Coast  occur  in  the 
literature.  Verrill  (73)  was  the  first  to  discover  it  in  North  Amer- 
ica, describing  it  as  Halodrilus  littoralis,  but  its  identity  with  Encky- 
iraus  albidus  Henle  was  later  established  by  Michaelsen  ('00,  p.  89). 
Verrill  reported  it  from  "New  Haven;  Woods  Hole;  Casco  Bay, 
Maine;  very  common  under  dead  sea-weeds  and  stones  near  high- 
water  mark."  Smith  ('95)  made  a  careful  anatomical  study  of  this 
annelid  at  Woods  Hole,  using  the  name  Enchytrcsus  littoralis  VerrilL 
He  found  the  specimens  extremely  abundant  in  the  same  kinds  of  sit- 
uations described  by  VerrilL  Moore  ('05)  reported  Enchytrsus  al- 
bidus very  numerous  at  Woods  Hole  as  wdl  as  along  the  coast  from 
Casco  Bay,  Maine,  to  Sea  Isle  City,  New  Jersey.  He  not  only  found 
them  in  the  inter-tides  zone  of  the  shore  but  also  "in  moist  spots 
on  farm  lands  on  Martha's  Vineyard,  where  it  could  readily  be  intro- 
duced in  the  large  quantities  of  eel  grass  that  are  annually  spread  for 
fertilizer."  He  likewise  states  that  "about  Woods  Hole  it  also  lives 
in  damp,  sandy  woods  and  on  the  shores  of  fresh-water  ponds,  espe- 
cially of  one  that  formerly  was  connected  with  the  Sound."  Passing 
notice  is  made  of  all  of  the  above-mentioned  records  by  Sumner,  Os- 
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bum,  and  Cole  ('13).  Hunt  ('IS)  collected  this  species  "in  abund- 
ance from  the  coarse  gravel  of  the  tidal  zone  on  the  seashore  at  G>ld 
Spring  Harbor,  Long  Island,  New  York." 

Habitat 

Specimens  of  E.  albidus  were  found  in  great  quantities  in  sev- 
eral of  the  protected  coves  about  Woods  Hole  where  the  tide  casts 
up  masses  of  eel-grass  on  sandy  or  gravelly  beaches.  They  appear  to 
be  restricted  entirely  to  the  inter-tides  zone  since  no  specimens  were 
collected  in  the  comparatively  dry  sand  above  the  high  tide  line  and 
none  was  observed  beyond  the  low  tide  limit  where  the  sand  is  con- 
stantly covered  with  water.  At  low  tide,  the  windrows  of  eel-grass 
retain  a  considerable  amount  of  moisture,  thus  keeping  the  under- 
lyiag  sand  saturated  and  protecting  it  from  the  heat,  light,  and  dry- 
ing effect  of  the  summer  sun.  At  high  tide,  the  entire  zone  occupied 
by  these  worms  is  submerged.  They  were  absent  from  sandy  beaches 
which  lacked  the  masses  of  eel-grass,  and  even  when  the  latter  were 
present,  the  worms  were  apparently  much  reduced  in  numbers  when 
the  sand  contained  little  or  no  organic  debris.  In  July  and  August, 
these  enchytraeids  occur  in  great  ntmibers  on  the  beach  just  opposite 
the  Lecture  Hall  of  the  Marine  Biological  Laboratory.  The  princi- 
pal features  of  this  habitat  are  a  smooth,  sandy-gravelly,  gently  slop- 
ing beach;  thick  layers  of  eel-grass  on  the  inter-tides  zone  at  low 
tide;  quantities  of  fine  pieces  of  coal  and  cinders  mixed  with  the 
sand ;  large  amounts  of  organic  matter  in  various  stages  of  decom- 
position; and  complete  protection  from  wave  action.  The  worms 
have  a  rather  definite  vertical  distribution.  In  the  matted  eel-grass, 
they  usually  occur  in  very  small  numbers,  but  appear  in  large  quan- 
tities in  the  first  one  to  three  inches  of  underlying  sand  and  gravel. 
Below  these  depths,  the  number  decreases  very  rapidly.  They  show 
a  distinct  tendency  to  accumulate  about  small  rocks  and  pebbles 
which  are  imbedded  in  the  sand  so  that  when  such  an  object  is 
removed,  the  walls  of  the  cavity  are  frequently  covered  with  worms. 

Several  examinations  of  the  various  brackish,  fresh-water,  and 
moist  woodland  habitats  did  not  reveal  the  presence  of  these  en- 
chytraeids, although  Moore  ('05,  pp.  394-395)  reported  them  in  such 
places.     However,  it  is  very  possible  that  a  more  thorough  search 
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would  reveal  them  under  the  above-mentioned  conditions,  since  in 
addition  to  Moore's  record  they  are  definitely  known  from  such 
habitats  in  other  parts  of  the  world. 

Methods  of  Cultum: 

Specimens  were  easily  kept  alive  in  the  laboratory  by  placing 
a  number  of  them  in  shallow  stender  dishes  containing  sea  water  to 
the  depth  of  about  one  centimeter,  to  which  had  been  added  pieces 
of  fresh,  green  eel-grass  from  the  drift  on  shore.  In  most  of  the  cul- 
tures used  by  the  writer,  the  eel-grass  was  partly  cleaned  by  washing 
and  wiping  each  blade,  in  order  to  avoid  introducing  into  tfie  culture 
an  excess  amount  of  the  extraneous  matter  adhering  to  the  eel-grass 
which  interfered  with  the  examination  of  the  cultures  for  cocoons. 
All  of  the  cultures  were  kept  covered,  some  being  kept  in  darkness 
while  others  stood  in  diffuse  sunlight.  In  such  cultures,  the  speci- 
mens were  active,  cocoons  were  produced,  and  the  mortality  was 
very  low,  the  worms  living  until  the  cultures  were  purposdy  de- 
stroyed, in  some  cases,  after  thirty  days.  Should  it  be  desirable,  the 
water  in  the  cultures  can  be  reduced  to  the  amount  necessary  only  to 
keep  the  worms  and  eel-grass  thoroughly  moist.  Hunt  ('15,  pp.  496, 
501,  503)  cultured  this  same  enchytraeid  for  regeneration  experi- 
ments by  placing  them  "in  small  sterilized  glass  bottles,  each  contain- 
ing a  strip  of  filter  paper  and  enough  sterilized  sea  water  to  keep 
the  animals  well  moistened."  He  also  found  that  the  worms  could 
be  kept  in  such  bottles  moistened  with  "fresh  water"  in  which  they 
r^enerated  as  well  as  in  the  salt-water  environment.  It  would  ap- 
pear from  Hunt's  statement  of  methods  that  his  specimens  were  not 
submerged  and  he  makes  no  statement  as  to  the  source  of  the  "fresh 
water."  The  writer  was  unable  to  rear  these  enchytraeids  at  Woods 
Hole  in  the  fresh  water  taken  from  the  laboratory  supply.  In  no 
case  did  the  worms,  when  submerged,  live  more  tluui  eighteen  hours. 
However,  the  addition  of  a  very  small  amount  of  sea  water  to  the 
fresh  water  made  the  culture  a  fairly  favorable  one. 
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LUMBRICILLUS  LINEATUS    (Miill.) 

Identity 

The  final  decision  as  to  the  identity  of  this  annelid  was  reached 
after  the  completion  of  a  detailed  study  of  the  anatomy  and  a  thor- 
oughgoing examination  of  the  literature  dealing  with  a  number  of 
European  species  which  seem  to  exhibit  various  d^^ees  of  mutual 
afiinity.  The  complex  character  of  the  identification  was  due  to  the 
existence  of  a  number  of  very  similar  descriptions  of  forms  under 
several  diflferent  names.  The  writer  believes  that  this  study  of 
Woods  Hole  material  has  helped  to  solve  some  of  the  difficulties  and 
to  establish  the  identity  of  certain  so-called  species.  While  access  to 
the  European  material  has  not  been  possible,  the  descriptions,  discus- 
sions, and  figures  of  the  morphology  of  these  foreign  forms  are  suf- 
ficiently detailed  to  serve  as  a  working  basis  for  comparison. 

The  anatomy  of  these  worms  agrees  very  closely  with  the  de- 
scription by  Moore  ('05,  pp.  395-397)  of  a  form  which  he  collected 
at  Woods  Hole  and  named  Lumbricillus  agilis.  The  only  points  of 
disagreement  have  to  do  with  the  position  of  the  clitellum,  the  posi- 
tion and  number  of  the  ventral  glands,  and  the  character  of  the  sper- 
mathecal  glands.  These  matters  will  be  discussed  later  under  their 
respective  headings  and  the  apparent  discrepancy  accounted  for,  at 
least  in  large  part.  It  will  suffice  to  state  here  that  there  seem  to 
be  no  grounds  for  a  possible  suggestion  that  the  material  studied  by 
Moore  represented  a  species  different  from  the  one  examined  by  the 
writer. 

An  inspection  of  the  descriptions  of  other  species  ascribed  to 
LutnbriciUus  reveals  at  least  four  foreign  ones  which,  as  described, 
approach  the  Woods  Hole  form  too  closely  to  be  disregarded,  namely, 
lUoreus  (Hesse),  Uneatus  (Miill.),  subterraneus  (Vejd.),  and  verru- 
cosus (Clap.).  That  some  of  the  above-mentioned  species  are  not 
valid  has  been  suspected  before.  Southern  ('09,  p.  150)  pointed  out 
that  the  differences  between  litoreus  and  Uneatus  seemed  of  no  great 
importance  and  that  it  "is  doubtftd  whether  there  is  sufficient  justifi- 
cation for  keeping  the  two  species  apart"  and  Michaelsen  ('01  a,  p. 
207)  has  indicated  the  probability  that  Uneatus  and  subterraneus 
should  not  be  separated.    Friend  ('16,  pp.  23-24),  in  the  examination 
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of  specimens  from  the  sewage  works  of  Manchester,  England,  found 
that  "every  intermediate  stage"  between  verrucosus  (Clap.)  and 
lineatus  could  be  detected.  With  respect  to  verrucosus,  the  only 
points  of  distinction  of  any  importance  between  it  and  lineatus  have 
been  the  number  of  setae  per  bundle  and  character  of  the  ventral 
glands.  A  careful  parallel  column  comparison  of  the  characters  of 
all  the  above-mentioned  enchytraeids,  together  with  those  of  the 
Woods  Hole  specimens,  shows  that  the  range  of  variability  of  the 
body  length,  seta,  origin  of  the  dorsal  blood-vessel,  shape  of  the  mar- 
gins of  the  brain,  dimensions  of  the  spermiducal  funnel,  and  ntunber 
and  development  of  the  ventral  glands  are  such  as  to  link  all  of 
these  so-called  species  together.  A  detailed  comparison  is  out  of 
place  here,  but  reference  to  the  earlier  descriptions  and  a  ccnnparison 
with  the  following  discussion  of  the  morphology  of  the  Woods  Hole 
material  will  bear  out  this  conclusion. 

Since  L.  litoreus  (Hesse),  L.  subterraneus  (Vejd.),  L.  lineatus 
(Miill.),  L.  verrucosus  (Clap.),  and  L.  agilis  Moore  must  all  be  re- 
garded as  the  same  species,  the  question  arises  as  to  what  name  shall 
persist  to  designate  it.  It  appears  that  lineatus  (Mull.)  (1771)  has 
priority,  but  Ditlevsen  ('04,  p.  431)  holds  that  lineatus  should  give 
place  to  Levinsen's  name  rivalis  (1884)  :  "Michaelsen  hat  gewiss 
recht  zu  sagen,  dass  die  Art  von  Levinsen  dieselbe  wie  Pachydrilus 
germanicus  Mich,  ist;  aber  nichts  in  der  Beschreibung  von  O.  Fr. 
Miiller  berechtigt  ihn  dazu,  diese  mit  Lumbricus  lineatus  O.  Fr. 
Muller  zu  identifizieren.  Die  Charaktere,  welche  O.  Fr.  Miiller 
angibt,  passen  nur  gemeinsam  auf  die  Gattung  Pachydrilus  \  es  ist 
aber  durchaus  unmoglich  einige  ihrer  Arten  danach  zu  bestimmen. 
Da  Levinsens  Beschreibung  die  alteste  ist,  muss  die  Art  den 
Namen  Pachydrilus  rivalis  behalten,  und  die  Art  Michaelsens 
muss  dieser  zugeordnet  werden."  The  writer  has  examined  the 
description  by  O.  F.  Muller  and  its  vagueness  and  lack  of  specific 
detail  is  certainly  apparent,  giving  ample  reason  for  the  numerous 
attempts  to  place  this  uncertain  "Lumbricus  lineatus,"  The  descrip- 
tion might  apply  to  almost  any  of  the  species  assigned  to  Lumbri- 
cUlus.  On  such  grounds  it  might  appear  that  Ditlevsen's  contention 
has  some  basis  but  it  is  evident  that,  if  the  synon3ntny  proposed  in 
this  paper  is  correct,  the  name  could  not  be  rivaiis  Levinsen  since  the 
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name  verrucosus  has  priority  over  it.  At  the  present  time  there 
seem  to  be  grounds  for  regarding  verrucosus  as  the  valid  name,  but 
since  some  uncertainty  still  exists  concerning  same  of  the  other 
apparently  closely  related  species,  the  writer  prefers  to  retain,  for 
the  present,  the  old  name  of  lineatus. 

There  is  growing  evidence  that  an  overindulgence  in  "species 
making"  has  occurred  in  the  genus  LumbricUlus  and  the  writer  is 
convinced  that  at  least  two  other  so-called  species,  and  probably 
more,  are  the  same  as  lineatus.  The  genus  needs  extensive  revision 
and,  when  worked*  over  in  connection  with  complete  and  dependable 
morphological  data,  it  is  very  probable  that  the  number  of  species 
which  the  genus  is  now  supposed  to  contain  will  be  materially  re- 
duced. 

With  respect  to  the  geographical  distribution,  these  annelids 
have  been  reported  imder  the  old  names  as  follows:  L.  lineatus: 
Denmark,  Germany,  North  Russia,  and  England.  L.  litoreus :  Italy 
and  Ireland.  L.  verrucosus:  Hebrides,  Terra  del  Fu^o,  Switzer- 
land, Ireland,  Scotland,  and  England.  L.  subterraneus:  England, 
Ireland,  Scotland,  France,  and  Bohemia.  L.  agilis :  Casco  Bay  to 
Vtne3rard  Sound,  Mass.  Evidently  this  species  is  a  cosmopolitan 
form  of  wide  distribution. 

Habitat 

In  connection  with  the  above  rearrangement,  it  is  interesting  to 
consider,  under  the  old  names,  the  habitats  from  which  these  animals 
have  been  reported.  L.  lineatus  has  been  recorded  from  debris  and 
under  stones  on  the  seashore,  or  river  margins,  and  on  aquatic  plants 
in  fresh-water  ditches.  L.  litoreus  was  reported  on  the  seashore 
tinder  stones.  L.  verrucosus  has  been  found  on  the  seashore  under 
stones,  in  fresh-water  situations,  and,  with  some  imcertainty,  from 
earth  near  manure  heaps.  L.  subterraneus  has  been  collected  in 
springs  and  aqueducts,  in  sewage  works,  in  streams  contaminated 
with  wastes,  and  on  the  seashore  near  high-tide  mark.  It  thus  ap- 
pears that  all  of  the  hitherto  supposedly  different  forms  occur  on  the 
seashore  under  similar  conditions,  and  in  addition  certain  fresh- 
water habitats  may  be  occupied,  indicating  a  considerable  range  of 
toleration  for  differences  in  the  presence  or  absence  of  salt.    In  fact. 
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Stephenson  ('11,  p.  39)  found  that  certain  seashore  forms  from 
Fintry  Bay,  which  he  recorded  under  the  name  L.  subterraneus,  "live 
well  for  several  days  in  a  mixture  of  equal  parts  of  salt  and  fresh 
water,  and  equally  well  in  altogether  fresh  water.'* 

Specimens  of  LumbriciUus  lineatus  were  abundant,  during  July 
and  August,  in  a  number  of  situations  about  Woods  Hole,  frequently 
intermingling  with  specimens  of  EnchytrtBus  albidus.  In  general, 
the  conditions  of  the  habitats  of  the  two  species  are  much  the  same. 
Protected  coves  with  sandy,  gravelly  or  rocky,  sloping  beaches,  on 
which  the  windrows  of  eel-grass  accumulate  near  the  upper  tide  limit, 
provide  favorable  grounds  for  these  worms.  They  seem  to  prefer 
moderately  moist  conditions  since  the  larger  numbers  occur  near 
high-water  mark,  and  seldom  at  or  below  the  low-tide  limit.  Their 
usual  position  is  just  below  the  surface  of  the  moist  sand  or  gravel 
and  there  is  a  distinct  tendency  to  accumulate  about  the  imbedded 
stones  or  other  larger  objects  to  which  they  cling  closely.  Occasion- 
ally, just  after  high  tide,  specimens  may  be  found  on  the  surface  of 
the  sand  below  the  overlying  eel-grass  which  affords  a  protection 
against  sunlight  and  retains  ample  moisture  to  bridge  over  the  low- 
tide  periods.  However,  specimens  were  found  on  semi-rocky 
beaches  where  the  eel-grass  was  quite  thin  or  almost  absent  but  the 
worms  were  invariably  deeper  in  the  sand.  The  writer  found  this 
worm  very  abundant  in  the  protected  coves  in  the  vicinity  of  Hadley 
Harbor.  They  also  occurred  in  considerable  numbers,  intermingling 
with  £.  albidus,  on  the  beach  just  opposite  the  Lecture  Hall  of  the 
Marine  Biolc^cal  Laboratory.  The  two  species  can  usually  be 
distinguished  in  the  mature  stage  by  the  smaller  size  and  particularly 
by  the  reddish  color  of  L.  lineatus,  E.  albidus  being  invariably  milk 
white.  However,  it  requires  more  careful  scrutiny  to  distinguish 
with  certainty  the  immature  forms  since  those  of  L.  lineatus  are 
practically  colorless. 

Methods  of  Culture 

These  worms  are  readily  kept  alive  in  the  laboratory  for  inde- 
finite periods  by  emplo3ring  the  methods  already  described  for  E, 
albidus. 
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Morphology 

Studies  of  the  external  and  internal  anatomy  of  these  worms 
corroborate,  in  most  respects,  the  work  of  Moore.  However,  there 
are  some  points  of  disagreement  and,  in  addition,  certain  structures 
and  organs  are  described  in  detail  for  the  first  time.  Therefore,  only 
those  features  of  the  morphology  which  demand  special  discussion 
will  receive  consideration  here  and  it  will  be  understood  that  other- 
wise the  findings  of  the  writer  are  in  agreement  with  those  of  Moore., 

Clitellum. — ^A  well-defined  clitellum  is  present  in  sexually  ma- 
ture specimens.  Moore  states  that  it  "extends  completely  around 
somites  XI  and  XII."  This  statement  is  evidently  an  error  since 
none  of  the  numerous  specimens  examined  by  the  writer  has  the  clit- 
ellum in  that  position  but  instead  it  occurs  on  XII  and  XIII.  Its 
completeness  on  the  ventral  side  demands  some  additional  descrip- 
tion. Transverse  sections  through  the  penial  bulbs  or  in  their  imme- 
diate vicinity  show  the  clitellum  incomplete  on  the  ventral  side  but 
sections  cephalad  or  caudad  of  the  penial  bulbs  demonstrate  that 
this  incompleteness  is  only  partial  and  that  the  two  ends  of  the  clitel- 
lum are  continuous,  although  distinctly  thinner  on  the  ventral  sur- 
face. 

Brain. — The  description  and  figure  given  by  Moore  ('05,  p.  396; 
fig.  24)  present  correctly  the  main  features  of  this  organ  with  the  ex- 
ception that  only  one  pair  of  supporting  strands  are  represented, 
those  extending  from  the  posterior  lobes.  In  reality,  another  pair 
of  slender  supporting  strands  extends  from  the  lateral  margins,  near 
their  middle,  diagonally  laterad  to  make  attachment  with  the  body- 
wall.  The  posterior  emargination,  the  angular  form  of  the  posterior 
lobes  bounding  the  emargination,  and  the  very  shallow  concave  form 
of  the  anterior  margin  seem  to  be  constant  characters.  The  general 
dimensions  of  the  organ  as  a  whole  are  subject  to  some  variation,  the 
proportion  of  the  length  and  width  varying  from  1.25 :1  to  1.75 :1. 

Spermiducal  Funnel. — The  spermiducal  funnel  requires  no  addi- 
tional description  save  in  connection  with  the  length.  Moore  ('05, 
p.  397)  states  that  this  organ  is  about  six  to  eight  times  as  long  as 
thick.  The  writer  has  found  considerable  variation  in  the  lei^[th, 
depending  upon  the  state  of  extension  or  contraction  of  the  animal. 
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In  fully  extended  specimens,  the  above-mentioned  dimensions  are 
approximately  correct,  but  most  of  the  specimens  exhibit  funnels  the 
length  of  which  is  only  about  four  times  the  diameter. 

Penial  Bulb. — ^The  external  termination  of  the  sperm  duct  is 
described  by  Moore  ('05,  p.  397)  as  opening  "into  the  small,  de- 
pressed, spheriodal,  glandular  and  opaque  atrium,  which  itself  opens 
on  the  medial  side  of  a  small  bursa  in  the  position  of  the  ventral  seta. 
The  bursa  can  be  everted  as  a  conical  penis."  Properly  translated 
into  the  more  modem  terminology,  the  writer  finds  this  very  brief 
description  of  the  penial  bulb  apparatus  to  be  correct  as  far  as  it 
goes.  The  term  "atriirni"  is  applied  to  the  organ  which  the  writer 
and  others  designate  as  the  penial  bulb,  atrium  being  retained  to 
designate  the  enlargement  of  the  sperm  duct  which  appears  in  cer- 
tain genera  of  enchytraeids  just  entad  of  the  penial  bulb.  The 
"bursa"  evidently  refers  to  the  penial  invagination. 

Structurally,  the  penial  bulb  is  simple  and  conforms  to  the  lum- 
bricillid  type.  Its  transverse  diameter  is  about  one-fifth  that  of  the 
body  in  the  same  r^ion.  It  is  approximately  globular  and  enclosed 
in  a  thin  musculature.  The  interior  is  filled  with  glandular  cells  of 
one  kind  only.  They  differ  somewhat  in  shape  in  the  different  parts 
of  the  bulb  but  in  general  they  are  elongate,  closely  set  together,  and 
most  of  them  are  arranged  radially  about  the  penial  lumen.  The 
cells  are  distinctly  nucleated,  the  nuclei  being  located  for  the  most 
part  in  the  peripheral  ends  of  the  cells,  although  they  appear  in  lim- 
ited numbers  nearer  the  penial  lumen  and  well  within  the  interior  of 
the  bulb.  The  cytoplasm  of  the  bulb  cells  takes  artificial  stains  with 
moderate  intensity  only.  The  sperm  duct  unites  with  the  dorsal  part 
of  the  bulb  near  the  body-wall  and  the  former  merges  so  gradually 
into  the  latter  that  it  is  not  possible  to  locate  exact  limits. 

Ventral  Glands, — These  problematical  organs,  designated  in  the 
literature  under  various  names,  such  as  "Kopulationsdriisen",  "copu- 
latory  glands",  "outgrowths  of  the  ventral  nerve  cords",  "ventral 
glands",  occur  in  this  species  but  are  subject  to  considerable  varia- 
tion in  mature  specimens.  Well-developed  glands  occur  in  XIII  and 
XIV  and  sometimes  in  reduced  form  in  XV.  Most  specimens  con- 
tain the  first  two  but  the  one  in  XV  appears  only  occasionally.  The 
shape  and  degree  of  development  are  also  strikingly  variable.    Speci- 
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mens  were  examined  in  which  the  glands  in  XIII  and  XIV  are  pro- 
duced into  long  wings  extending  dorso-laterad  on  either  side  of  the 
nerve  cord,  while  the  one  in  XV  is  diminutive  and  easily  overlooked, 
not  extending  above  the  level  of  the  dorsal  surface  of  the  nerve  cord 
and  developed  mainly  on  one  side  only.  Other  specimens  show  only 
the  gland  in  XIV  well  developed  and  the  one  in  XIII  much  smaller, 
both  being  developed  ventrad  and  laterad  of  the  nerve  cord  but  not 
into  wings,  while  no  gland  appears  in  XV.  In  all  cases,  the  glands 
are  closely  associated  with  the  nerve  cord,  completely  surrounding 
it  except  for  the  median  dorsal  surface  which  is  exposed.  Moore 
('05,  p.  396)  states  that  the  "copulatory  supra-neural  glands  are  well 
developed,  especially  in  somites  III,  IV  and  V.  They  are  slender 
and  elongated,  not  closely  united  with  the  ventral  nerve,  and  open  on 
each  side  nearly  at  the  ventral  setae  bundles."  The  writer  has  found 
nothing  in  III,  IV,  and  V  which  can  be  identified  as  ventral  glands, 
the  only  thickenings  of  the  nerve  cord  occurring  in  those  somites 
being  due  to  the  ganglia  themselves. 

Ovisac. — In  the  mature  specimens  in  which  there  is  an  accumu- 
lating mass  of  developing  eggs,  the  septum  XII/XIII  is  pushed 
caudad  to  the  posterior  part  of  XIII.  Whether  this  can  justly  be 
designated  as  an  ovisac  may  be  open  to  question,  but  it  probably  rep- 
resents the  diminutive  "ovisac"  reported  by  Moore. 

SpermatheccB, — The  spermathecae  are  large,  well-developed  or- 
gans lying  in  the  usual  position  in  V.  Each  is  distinctly  sigmoid  in 
shape  and  opens  independently  into  the  dorso-lateral  aspect  of  the 
digestive  tract.  There  is  no  distinct  demarcation  between  the  duct 
and  the  ampulla.  The  latter  bears  no  diverticula,  is  fusiform  in 
shape,  and  contains  a  rather  spacious  lumen  which  corresponds  to  the 
shape  of  the  exterior.  Both  ectal  and  ental  openings  are  distinct  and 
larger  than  usual.  A  complete  crown  of  conspicuous  glands  sur- 
rounds the  ectal  end  of  the  duct  and  opens  into  the  lumen  of  the  lat- 
ter at  or  just  entad  of  the  external  surface  of  the  body.  This  crown 
surrounds  practically  the  whole  spermathecal  duct,  but  is  not  directly 
united  with  it  except  as  above  mentioned.  The  ental  border  of  this 
crown  of  glands  is  emarginate  at  more  or  less  regular  intervals,  giv- 
ing it  a  lobulate  appearance  and  suggesting  its  origin  from  a  number 
of  glands  developed  in  very  close  proximity.    This  crown  is  made  up 
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of  a  large  number  of  cells  and  each  lobule  is  also  multicellular.  It 
must  be  noted  in  this  connection  that  Moore  ('05,  p.  397)  found  the 
ectal  end  of  each  spermatheca  surrounded  by  a  "circle  of  glands 
chiefly  aggregated  into  an  anterior  and  a  posterior  group."  His  fig- 
ure of  the  same  (Fig.  28)  shows  a  very  irrq^ular  crown  of  unicellu^ 
lar  glands,  but  the  writer  is  inclined  to  suspect  that  imperf  ectiy  ma- 
ture specimens  might  have  been  studied. 

Fridericla  ratzeli  (Eisen) 
Identity 

Worms,  belonging  to  this  species,  were  collected  from  the  earth 
and  accumulating  humus  of  the  forest  floor  in  Fay's  woods,  back  of 
the  village  of  Woods  Hole.  Difiiculries  arose  in  connection  with  the 
identification  of  these  enchytraeids,  the  chief  obstacle  being  the  far 
too  common  one,  namely,  the  vagueness  and  incompleteness  of  cer- 
tain European  descriptions.  A  complete  morphological  study  shows 
that,  with  one  minor  exception,  there  is  close  agreement  with  those 
characters  of  Fridericia  ratzeli  (Eisen)  which  have  been  described, 
but,  unfortunately,  the  anatomical  discussions  of  the  latter  fail  to 
give  any  data  concerning  the  following  important  features :  origin  of 
the  dorsal  blood-vessel;  position  of  the  clitellum;  extent  and  struc- 
ture of  the  peptonephridia ;  the  chylus  cells ;  and  the  structure  of  the 
penial  bulb.  In  spite  of  these  deficiencies,  there  seems  no  other 
alternative,  at  present,  than  to  consider  the  Woods  Hole  specimens 
as  belonging  to  ratzeli.  The  only  point  of  disagreement  k  the  origin 
of  the  efferent  duct  of  the  nephridium  near  the  posterior  end  of  the 
postseptal  r^on,  instead  of  near  the  septum  as  is  described  for  the 
foreign  specimens  of  this  species.  The  peptonephridia  in  the  Woods 
Hole  specimens  have  fewer  branches  than  seem  to  be  called  for  in  the 
descriptions  but  it  is  very  doubtful  if  any  significance  can  be  attached 
to  this  variation.  In  addition,  the  posterior  margin  of  the  brain  is 
truncate  rather  than  convex,  but  such  variation  is  known  to  occur 
in  other  species  of  Enchytraeidae.  It  seems,  therefore,  that  the  varia- 
tions presented  by  the  Woods  Hole  specimens  are  only  of  minor  im- 
portance and  not  of  sufficient  weight  to  demand  a  different  identi- 
fication.   There  is,  of  course,  the  possibility  that  when  the  foreign 
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representatives  of  F.  raizeli  receive  the  much  needed  intensive  mor- 
phological study  that  a  varietal  difference  between  them  and  the  spe- 
cimens from  Massachusetts  may  appear  and,  in  order  to  facilitate 
future  comparisons,  the  morphology  of  the  latter  will  be  given  in 
some  detail. 

It  should  be  noted  that  the  specimens  from  Woods  Hole  corre- 
spond very  closely  to  an  American  species,  F.  calif  ornica,  described 
in  detail  by  Eisen  ('05,  pp.  119-121)  from  specimens  collected  in  the 
vicinity  of  San  Francisco,  although  certain  points  of  disagreement 
appear,  such  as  the  origin  of  the  dorsal  blood-vessel  and  the  origin 
of  the  nephridial  duct.  The  chylus  cells  and  the  penial  bulb  are  evi- 
dently of  the  same  structure  in  the  California  and  Woods  Hole  speci- 
mens. The  writer  is  forced  to  the  conclusion  that  calif  ornica  is 
identical  with  ratseli,  or  if  not  identical,  of  no  higher  rank  than  that 
of  a  variety. 

This  description  records  the  second  appearance  of  F.  ratseli  in 
North  America,  assuming  that  the  writer  is  correct  in  placing 
calif  ornica  Eisen  as  a  s3monym  of  this  species.  The  two  localities 
represented  are  separated  by  the  width  of  the  continent  but  this 
might  be  expected  since  F.  ratseli  is  widely  distributed,  occurring  in 
England,  Ireland,  Scotland,  Norway,  Denmark,  Germany,  Switzer- 
land, and  Italy.  The  habits  of  this  annelid  appear  to  be  much  the 
same  in  the  different  parts  of  its  geographical  range,  being  found 
only  in  habitats  of  rich  earth  or  damp  moss. 

External  Morphology 

The  body  is  elongate,  cylindrical,  smooth,  gradually  decreasing 
in  diameter  caudad  of  the  clitellum.  In  nine  sexually  mature  worms, 
the  length  varies  from  15  to  20  mm.,  the  average  being  approximately 
18  mm.  The  diameter  varies  from  0.42  to  0.59  mm.  Except  in  the 
extreme  anterior  and  posterior  ends,  the  intersegmental  grooves  are 
indistinct.  The  number  of  somites  varies  from  55  to  64,  the  aver- 
age being  62.  A  well-developed  clitellum  occupies  XII-XIII.  The 
setae  bundles  have  the  usual  characters  of  the  genus  Fridericia,  An- 
terior to  the  clitellum,  the  ventral  bundles  contain  4-6  setae,  usually 
6,  while  the  lateral  bundles  have  a  similar  ntmiber.    Caudad  of  the 
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clitellum,  the  bundles  contain  2-5  sttst,  the  smaller  groups  occurring 
near  the  posterior  extremity.  A  head  pore  is  present  on  O/I  and 
dorsal  pores  hcfpn  on  VII.  The  color  of  the  living  specimens  was 
very  light  yellow  to  milk  white. 

Internal  Morphology 

Brain.-^This  organ  occupies  a  median,  dorsal  position  in  I  and 
II,  chiefly  in  the  latter.  The  anterior  margin  is  distinctly  convex, 
the  posterior  margin  truncate,  and  the  lateral  margins  convex,  the 
maximum  width  being  at  a  position  about  two-thirds  the  total  length 
from  the  anterior  end.  The  length  is  about  one  and  one-half  times 
the  greatest  width,  typical  measurements  being  as  follows :  length, 
0.148  mm. ;  maximum  width,  0.104  mm.  Two  pairs  of  supporting 
strands  extend  from  the  organ  to  the  body-wall,  one  from  the  lateral 
margins  near  their  middle,  and  the  other  from  the  caudo-lateral 
angles.  The  description  of  F.  ratseli  based  on  European  specimens 
calls  for  a  convex  posterior  margin  but  since  it  is  known  that  the 
brain  is  subject  to  change  of  form  under  different  conditions  of  con- 
traction and  extension,  this  variation  can  be  of  little  significance. 

Dorsal  Blood-vessel, — In  the  specimens  examined,  the  exact 
origin  of  the  dorsal  blood-vessel  is  a  little  difficult  to  determine.  It 
appears  to  become  distinct  from  the  perivisceral  blood-sinus  in  XX, 
or  in  the  adjoining  somites.  The  descriptions  of  raizeli  fail  to  in- 
clude any  statements  as  to  the  origin  of  this  vessel  in  the  European 
specimens.  Eisen  ('05,  p.  120)  states  that  in  calif  omica  it  originates 
in  XVI. 

Peptonephridia, — ^A  pair  of  these  organs  occurs  ventrad  of  the 
digestive  tract,  one  on  the  right  side  and  one  on  the  left.  Each  opens 
separately  into  the  alimentary  canal  in  the  extreme  anterior  part  of 
V  and  is  confined  to  that  somite.  Sparse  branching  occurs  at  the 
base  and  at  the  extremity  of  each.  Aside  from  the  branching,  the 
body  of  each  gland  is  irregularly  tuberculate.  It  is  a  matter  of  some 
difficulty  to  determine  just  how  closely  these  organs  correspond  to 
the  descriptions  of  foreign  specimens  of  ratzeli,  Michaelsen  ('00,  p. 
100)  states  that  they  are  "mehrfach  verzweigt".  Southern  ('09,  p. 
164)  finds  them  "freely  branched"  in  specimens  of  ratseli  var.  bed- 
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dardi  from  Ireland.  Eisen  ('05,  p.  120)  describes  them  in  calif ornica 
as  "narrow,  slightly  and  irregularly  branched",  although  his  figure 
(Fig.  81,  e)  shows  more  branching  than  might  be  inferred  from  his 
statement.  The  peptonephridia  are  known  to  be  subject  to  a  cer- 
tain variation  within  a  species  and  the  relatively  slight  branching  in 
the  Woods  Hole  specimens  may  merely  represent  one  of  the  ex- 
tremes. 

Chylus  Cells. — The  chylus  cell  r^on  of  the  intestine  occupies 
XIV-XVI.  Cells  of  two  kinds  are  present,  the  chylus  cells  and  the 
ental  epithelial  cells.  The  former  are  somewhat  flask-shaped,  the 
broader  ends  being  ectad.  The  base  of  each  is  approximately  trun- 
cate and  the  sides  converge  gradually  entad.  The  ental  part  of  the 
intracellular  canal  is  usually  straight  or  nearly  so,  but  the  basal  por- 
tion varies  somewhat  in  its  course,  being  usually  bent  to  one  side  of 
the  cell  and  then  curving  abruptly,  forming  a  right  angle.  The  basal 
part  of  the  canal  thus  lies  more  or  less  parallel  to  the  base  of  the  cell 
of  which  it  is  a  part.  This  intracellular  canal  is  lined  by  a  relatively 
thick  specialized  layer  of  cytoplasm  which  is  everywhere  of  uniform 
thickness  and  structure.  The  canal  is  ciliated  for  a  part  of  its  length. 
A  well-developed  blood-sinus  is  present,  surrounding  the  base  of 
each  chylus  cell  and  extending  up  the  sides  for  about  two-thirds  of 
its  length.  A  conspicuous  nucleus  lies  in  the  base  of  each  chylus  cell, 
often  a  little  to  one  side  and  in  the  angle  formed  by  the  chief  bend 
of  the  intracellular  canal.  The  ental  epithelial  cells  lie  between  the 
apices  of  the  chylus  cells,  the  ental  surfaces  bounding  a  part  of  the 
lumen  of  the  intestine  and  bearing  a  thickly  set  coating  of  elongate 
cilia.  Interstitial  cells  are  absent.  The  chylus  cells  are  somewhat 
longer  in  XIV  than  in  XVI,  making  the  whole  layer  thicker  in  the 
anterior  part  of  the  chylus  region. 

A  certain  resemblance  exists  between  the  structure  of  the  chylus 
cell  region  in  the  Woods  Hole  specimens  and  in  that  described  for 
calif  ornica  by  Eisen.  The  exact  position  of  the  chylus  cells,  the 
character  of  the  intracellular  duct,  the  general  shape  and  character 
of  the  ental  epithelial  cells,  and  the  relative  thickness  of  the  layer  are 
the  same,  but  lack  of  agreement  exists  in  the  California  specimens  in 
the  restriction  of  the  blood-sinus  to  the  bases  of  the  cells,  the  close 
apposition  of  the  cells,  and  the  approximately  parallel  sides.    Chylus 
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celb  do  not  seem  to  have  been  described  for  the  European  specimens 
and  comparison  is  not  possible. 

Nephridia. — ^The  anteseptal  and  postseptal  parts  are  about  the 
same  size  although  some  slight  variation  occurs  in  the  different 
somites.  The  efferent  duct  arises  from  the  mid-ventral  surface  of 
the  postseptal  part,  near  the  posterior  end.  Some  variation  also 
exists  as  to  the  origin  of  this  duct  but  it  was  not  found  farther  for- 
ward than  the  middle  of  the  postseptal  region.  The  internal  struc- 
ture is  very  similar  to  the  usual  type  found  in  the  genus  Fridericia. 

Foreign  specimens  of  ratzeli  are  described  as  having  the  origin 
of  the  nephridial  duct  on  the  anterior  portion  of  the  postseptal  part 
near  the  septum.  Eisen's  description  of  the  nephridia  in  calif  ornica 
contains  no  statement  as  to  the  exact  origin  of  the  duct  but  his  figure 
(Fig.  81,  a)  shows  it  as  arising  near  the  middle  of  the  postseptal 
region. 

Spermiducal  Funnel. — A  pair  of  these  organs  lies  in  the  usual 
position  in  XI  with  the  bases  close  to  the  ventral  part  of  X/XI  and 
the  free  extremities  directed  cephalad.  The  length  of  each  is  about 
two  to  three  times  the  maximum  diameter.  A  small,  reflected  collar 
is  distinctly  set  off  from  the  body  of  the  funnel  by  a  constriction,  its 
diameter  being  only  about  one-half  that  of  the  body  of  the  funnel. 
Each  sperm  duct  is  confined  to  XII  and  presents  a  mass  of  convolu- 
tions in  the  ventral  part  of  the  coelom. 

Penial  Bulb, — Structurally,  the  penial  bulb  is  of  the  lumbridllid 
type.  It  is  small,  compact,  globular^  and  completely  invested  by  a 
thin  but  definite  musculature  which  is  derived  from  the  muscle-layer 
of  the  body-wall.  When  completely  retracted,  the  invagination  is 
longer  than  the  transverse  dimension  of  the  organ,  the  latter  lying 
completely  on  the  mesal  side.  The  sperm  duct  unites  with  the  penial 
bulb  on  the  dorso-ectal  surface,  penetrating  it  for  a  short  distance. 
Within  the  bulb,  it  is  replaced  by  the  penial  lumen,  which,  curving 
abruptly  laterad,  extends  to  the  penial  invagination,  opening  into  its 
ental  part.  The  bulb  is  composed  of  cells  of  but  one  kind,  these  be- 
ing large  compared  with  the  size  of  the  organ  and  distinctly  nu- 
cleated. 

The  structure  of  the  penial  bulb  is  similar  to  that  described  by 
Eisen  ('05,  p.  120)  for  calif  ornica  in  being  composed  of  cells  of  only 
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one  kind,  but  in  the  retracted  condition,  the  sperm  duct  cannot  be 
said  to  "enter  the  bulb  near  the  base,  splitting  the  bulb  into  two  un- 
equal parts."  Furthermore,  if  Eisen's  figure  (PI.  XV,  Fig.  9)  was 
made  from  a  transverse  section  of  the  worm,  a  distinct  difference 
appears  in  the  shape  of  the  invagination  and  the  organ  as  a  whole. 
Mention  of  the  bulb  ("prostate")  in  the  descriptions  of  the  Euro- 
pean specimens  is  so  brief  that  little  can  be  done  in  the  way  of  com- 
parison. It  is  said  to  be  almost  as  large  as  the  spermiducal  funnel,  a 
proportion  which  in  the  Woods  Hole  specimens  would  make  the  bulb 
several  times  its  present  size. 

SpermatheccB, — A  pair  of  well-developed  spermathecae  is  pres- 
ent in  V,  each  organ  being  composed  of  three  r^ons :  duct,  diver- 
ticula, and  ampulla.  The  ectal  opening  of  the  duct  is  in  the  usual 
position  in  the  lateral  aspect  of  IV/V  and  has  associated  with  it  two 
small,  multicellular,  pyrif  orm  glands.  The  ampulla  bears  on  its  ectal 
end  a  circle  of  irr^^lar,  sessile  diverticula,  usually  eight  in  number, 
which  vary  somewhat  in  shape  but  are  mostly  globular  and  pendant. 
Excluding  the  expanded  portion  bearing  the  diverticula,  the  ampulla 
is  distinctly  spindle-shaped.  Each  ampulla  opens  independently  into 
the  dorso-lateral  aspect  of  the  digestive  tract  In  the  sexually  ma- 
ture specimens  examined,  the  ampullae  contained  spermatozoa  and, 
in  some  cases,  spermatozoa  were  not  only  in  the  process  of  passing 
into  the  lumen  of  the  alimentary  canal,  but  masses  of  them  were 
found  well  within  it. 

Ventral  Glands, — ^In  XIII,  XIV,  and  XV,  certain  problematical 
glands  occur  in  connection  with  the  ventral  nerve  cord.  They  com- 
pletely surround  the  ventral  and  lateral  parts  of  the  latter,  leaving 
only  the  dorsal  surface  exposed.  At  first  sight,  they  appear  as 
untisually  developed  ganglia,  but  stained,  transverse  sections  show 
the  tissues  of  the  nerve  cord  to  be  distinctly  different  from  those 
which  immediately  surround  it.  These  glands  are  made  up  of  large, 
nucleated  cells,  massed  irregularly  together,  which  give  off  processes 
extending  ventrad  through  the  body-wall  to  the  hypodermis.  The 
latter  assumes  a  finely  striated  appearance  with  hypodermal  nuclei 
appearing  only  at  irregular  intervals.  These  gland  cells  are  many 
times  larger  than  the  nerve  cells  immediately  above  them.    The 
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organs  are  not  of  uniform  size,  the  one  in  XIII  being  larger  than  the 
subsequent  ones. 

Similar  glands,  described  under  the  various  names  mentioned  on 
a  previous  page,  occur  in  certain  other  genera  of  enchytrarids,  namely 
Lumbricillus  and  Marionhta  (Welch,  '14,  pp.  150-151),  but  their  ap- 
pearance in  Fridericia  is  quite  unusual,  being  known  only  in  two  or 
three  species.  Ude  ('01,  pp.  6-7)  found  one  ventral  gland  in  XIII 
in  the  specimens  of  ratzeli  which  he  examined.  They  have  been  re- 
ported in  XIII-XV  in  F.  antarcHca  Bretscher,  a  synonym,  according 
to  Michaelsen  ('00,  p.  100),  of  ratseli.  Fridericia  dura  (Eisen),  an- 
other synonym  of  ratzeli,  according  to  Michaelsen  ('00,  p.  100),  but 
a  distinct  species  according  to  Ude  ('01,  pp.  6-7)  possesses  one  ven- 
tral gland  in  XIII. 

It  should  be  noted  in  passing  that,  in  the  Woods  Hole  specimens, 
superficially  similar  swellings  of  the  ventral  nerve  cord  occur  in  II, 
III,  and  IV.  However,  a  study  of  sections  through  these  anterior 
swellings  shows  that  they  are  nothing  more  than  ganglionic  assemb- 
lages of  nerve  celk  and  not  special  masses  of  gland  cells. 

Summary 

1.  The  enchytraeid  fauna  of  the  Woods  Hole  r^on,  as  known 
at  present,  comprises  three  species,  Enchytrceus  albidus,  Lumbricillus 
lineatus,  and  Fridericia  ratzeli.  The  first  two  are  marine  and  occur 
in  great  abundance  in  the  inter-tides  zone,  especially  in  the  protected 
coves  which  accumulate  windrows  of  eel-grass.  The  other  species  is 
a  terrestrial  form,  inhabiting  the  soil  and  humus  of  forest  land. 

2.  Both  of  the  marine  species  can  readily  be  cultured  indefin- 
itely in  the  laboratory  by  placing  them  in  shallow  stender  dishes  con- 
taining a  small  amount  of  sea  water  and  pieces  of  green  eel-grass 
from  the  drift  on  shore.  They  could  not  be  kept  alive  in  the  fresh 
water  taken  from  the  Marine  Biological  Laboratory  supply,  although 
when  a  few  drops  of  sea  water  were  added  the  unfavorable  condi- 
tions were  relieved. 

3.  Detailed  study  of  the  morphology  of  the  sexually  mature 
Lumbricillus  yielded  evidence  that  the  foreign  forms  which  have 
been  discussed  under  the  names  lineatus,  subterraneus,  verrucosus, 
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and  Ktoreus  are  all  one  species,  and  that  the  American  species,  agUis, 
originally  reported  from  Woods  Hole  also  has  the  same  fate.  These 
should  all  be  regarded  as  one  species  under  the  name  lineatus  which 
has  priority. 

4.  Fridericia  ratseli  has  evidently  been  discovered  in  North 
America  before,  under  the  name  of  calif ornica,  which  was  applied  to 
specimens  found  near  San  Francisco  by  Eisen.  Critical  morpholog- 
ical study  of  the  Woods  Hole  specimens  makes  it  almost  certain  that 
calif  ormca  is  a  synonym  of  ratseli. 

5.  All  of  the  three  enchytraeids  herein  mentioned  are  widely 
distributed  in  the  Old  World  and  evidently  so  in  North  America. 

6.  Morphological  detail  not  readily  summarizable  are  presented 
for  two  of  the  species.  Special  consideration  has  been  given  to  the 
organs  of  the  complex  reproductive  system,  the  chylus  cells  of  the 
digestive  tract,  and  the  ventral  glands. 
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CHEMICAL  MICROSCOPY* 

By  Db.  E.  M.  Chamot 

Department  of  Cbemiftry,  Cornell  Unhrenity,  Ithacm,  N.  Y. 

A  speaker  who  has  the  temerity  to  address  a  joint  meeting  of 
two  different  technical  societies  always  finds  himself  in  an  awkward 
predicament.  He  feels  that  he  must  present  his  subject  from  the 
viewpoint  of  each  group  of  men,  that  he  must  lay  equal  emphasis 
upon  all  branches  of  the  sciences  represented  by  his  audience.  I  find 
myself  very  much  embarrassed,  realizing  this,  and  in  doubt  whether 
I  am  here  in  the  guise  of  a  microscopist  or  of  a  chemist. 

This,  gentlemen,  is  the  introductory  paragraph  of  the  paper  I 
had  originally  prepared.  Since  that  time  we  have  entered  the  great 
war  and  I  know  where  I  stand.  I  come  to  you  as  a  chemist  to  make 
an  appeal  for  a  wider  and  more  intelligent  application  of  the  micro- 
scope in  every  day  chemical  practice. 

If  the  talk  appears  rambling  and  fragmentary  I  trust  you  will 
bear  with  me,  for  with  several  momentous  issues  on  the  hands  of  my 
department  I  have  had  little  opportunity  to  prepare  a  new  paper  and 
none  to  make  new  lantern  slides.  I  will,  however,  attempt  to  stick 
to  my  text — Chemical  Microscopy.  To  my  mind  there  is  no  such 
thing  as  microchemistry  as  opposed  to  macrochemistry  and  the  term 
microchemical  methods  is  a  misnomer.  A  microchemical  reaction  or 
test  may  be  one  performed  upon  minute  amounts  of  material  with- 
out necessarily  having  recourse  to  the  microscope. 

Chemical  Microscopy  on  the  other  hand  requires  that  some  type 
of  magnif3ring  optical  instrument  enters  into  the  work.  By  chemical 
microscopy,  therefore,  we  simply  mean  the  application  of  micro- 
scopic methods  to  the  solutions  of  problems  arising  in  the  chemical 
laboratory  or  in  the  chemical  industries. 

No  instrument  at  our  command  can  do  so  much  or  throw  so 
much  light  upon  obscure  problems  with  so  little  expenditure  of  time, 
labor  and  material.  We  chemists  have  been  wasting  golden  hours 
and  slaving  over  sloppy  methods  to  accomplish  ends  which  could 


*AddreM  delivered  before  a  joint  meeting  of  the  Chicmgo  Section  of  the  American 
Chenricnl  Society,  and  the  State  Microscopical  Society  of  Illinois,  at  the  Cit^  Club,  Chicago, 
on  April  20th,  1917;  Messrs  A.  V.  H.  Morey.  Chairman  of  the  Chemical  Society  and 
N.  S.  Amstutz,  President  of  the  Microscopic  Society,  presiding.  A  number  of  self  explan- 
atory  plates  accompanying  this  article  are  found  as  inserts  following  page  156. 
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have  been  reached  easily  and  leisurely  and  with  a  degree  of  certainty 
unsurpassed  by  anything  we  have  had  at  our  command  with  test 
tubes  and  beakers.  Why  sp^id  hours  upon  a  qualitative  analysis 
that  can  be  better  done  through  the  medium  of  the  microscope  in 
several  minutes  ? 

The  time  has  come  when  we  can  no  longer  be  satisfied  with  time- 
consuming  operations.  Industries  must  be  speeded  up,  production 
increased,  better  inspection  methods  introduced,  quality  thereby 
raised  and  final  cost  in  consequence  reduced.  I  am  simply  preaching 
good  conservation.  If  we  fail  in  this  war  and  disappear  as  a  nation 
it  will  be  because  we  have  failed  in  our  industries  to  produce  the 
necessary  material  and  the  requisite  quality.  I  cannot  recall  a  single 
great  industry  today  where  microscopic  methods  inteUigently  applied 
will  not  lead  to  more  or  less  marked  improvements. 

The  causes  of  our  failure  fuUy  to  appreciate  the  value  of  micro- 
scopic methods  are  not  hard  to  find.  In  the  first  place  in  the  educa- 
tional system  of  our  chemists  no  adequate  training  has  been  given 
in  the  multiplicity  of  uses  of  the  microscope  and  its  potential  indus- 
trial applications.  In  the  second  place  too  much  emphasis  has  been 
laid  upon  biologic  microscopy ;  so  that  the  generally  accepted  view 
is,  that  this  instrument  is  intended  for  studies  in  biology  or  medicine. 
As  a  result,  the  development  of  the  modem  so-called  high  grade 
microscope  has  followed  strictly  biological  lines  and  has  drifted  far- 
ther and  farther  away  from  stands  applicable  for  general  work  in  the 
chemical  laboratory.  For  example  the  best  of  our  present  day 
stands  no  longer  have  the  mirror  mounted  upon  a  swinging  bar  capa- 
ble of  movements  far  to  one  side,  or  even  above  the  stage  for  oblique 
illumination.  In  refractive  index  work,  in  the  observation  of  melt- 
ing points,  in  the  study  of  fatigue  failure  in  metals,  in  the  general 
examination  of  alloys,  cements,  protective  coatings,  etc.,  and  in  the 
preparation  of  photomicrographs  of  certain  preparations,  this  old  de- 
vice now  abandoned  is  really  essential,  and  it  is  necessary  to  remove 
the  mirror  from  the  stand  and  fasten  it  to  a  holder  of  some  sort  that 
it  may  be  properly  employed. 

It  is  also  unfortunate  that  the  objective  of  smaU  angle,  long 
available  working  distance  and  marked  penetrating  power  are  not 
obtainable  save  at  second  hand.    The  modem  microscope  objective 
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is  a  marvel  in  its  performance,  yet  it  is  limited  to  the  study  of 
mounted  materials  covered  wtih  a  standard  cover  glass  if  over  a  mod- 
erate power  is  required  for  the  examination ;  but  unfortunately,  we 
chemists  must  work  with  uncovered  preparations  and  we  must  sac- 
rifice resolving  power  for  penetrating  power  and  for  stereoscopic  ef- 
fects. We  need  instruments  of  moderate  cost,  substantially  built, 
and  which  will  withstand  the  corrosive  atmosphere  of  most  of  our 
industrial  laboratories.  Thus  the  third  reason  for  the  backward- 
ness of  chemists  to  use  the  microscope  has  been  the  lack  of  suitable 
models  and  accessories.  Even  our  good  friends  and  near  chem- 
ists, the  petrc^raphers,  have  never  gone  out  of  their  narrow  way, 
to  try  to  impress  the  chemist  with  the  fact  that  the  polarizing  micro- 
scope is  an  indispensable  adjunct  of  the  research  laboratory.  The 
modem  petrographic  microscope  is  a  measuring  instrument  of  great 
precision.  By  its  means  alone  a  vast  number  of  chemical  compounds 
can  be  positively  identified.  The  manufacturer  of  organic  com- 
pounds, especially,  cannot  afford  to  ignore  it  as  a  means  of  increasing 
the  ease  of  control  work.  In  the  hands  of  a  skilled  worker  this  type 
of  instrument  offers  untold  advantages. 

The  application  of  microscopic  methods  to  analytical  problems 
should  appeal  to  every  chemist.  Not  only  can  he  perform  qualitative 
chemical  analyses  easier,  but  he  can  measure  refractive  indices  of 
both  solids  and  liquids,  determine  melting  and  boiling  points  with 
exceptional  accuracy  and  upon  minute  amounts  of  material  which 
cannot  be  isolated;  determine  molecular  weights  and  can  study  the 
structure  of  most  of  our  conunercial  materials.  Dr.  Harvey  W. 
Wiley,  in  one  of  his  happy  moods,  once  defined  chemistry  as  "the 
astronomy  of  things  infinitely  small."  Our  telescope  is  the  micro- 
scope. To  make  suitable  progress  we  must,  like  the  astronomer, 
construct  special  instruments  for  special  purposes  and  like  the 
astronomers  we  must  become  specialists  in  narrow  fields  within  our 
vast  science.  We  chemists  must  have  analogues  to  the  students  of 
double  stars,  to  the  investigators  of  nebuke,  to  the  seekers  for  comets, 
etc.,  when  this  day  comes  the  results  reported  will  be  comparable 
to  the  discoveries  of  our  astronomical  friends.  Americans  make  the 
finest  telescopes  in  the  world.  Why  not  microscopes  as  well?  Un- 
fortunately the  scientific  world  in  the  United   States  has  been 
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obsessed  with  the  idea  that  no  microscopes  are  worth  using,  unless 
made  in  Europe.  We  are  all  to  blame  for  the  present  difficulties. 
Can  you  obtain  an  ultramicroscope,  a  luminescense  microscope  or 
even  a  polarization  microscope  in  the  United  States  this  20th  day  of 
April  ?  Not  one,  nor  can  you  obtain  condensers,  lenses  and  eyepieces 
of  quartz  suitable  for  photography  with  ultra  violet  rays,  nor  spec- 
troscopic oculars ;  nor  can  be  purchase  a  really  satisfactory  moderate- 
priced  metallograph,  although  in  this  line  there  is  hope  that  instru- 
ments will  soon  be  on  the  market 

If  each  one  of  us  here  tonight  will  agree  hereafter  to  stand  by 
American  manufacturers  and  buy  American  made  instruments,  we 
will  soon  have  special  microscopes  and  accessories  ranking  with  the 
best  obtainable.  Our  artisans  have  no  superiors  and  few  equals,  but 
in  order  that  we  may  persuade  them  to  undertake  the  construction 
of  the  apparatus  we  require  it  is  essential  that  we  must  support  them 
with  advice  and  hard  dollars  and  not  with  empty  applause.  It  is 
easy  to  find  fault  and  refuse  to  cooperate ;  but  it  takes  time  and  tact 
to  call  attention  to  defects  and  suggest  improvements. 

If  those  using  special  microscopes  would  stop  and  consider  the 
care  and  labor  involved  in  their  construction  and  would  be  a  trifle 
more  tolerant  toward  mistakes  in  construction,  far  greater  progress 
would  be  made  than  at  present.  Let  us  all  agree  to  try  and  stimulate 
the  development  of  American  types  of  microscope  which  will  do  our 
work  better  and  easier,  and  cease  being  mere  copyists.  Let  us  be- 
come "boosters"  instead  of  "knockers". 

I  have  already  asserted  this  evening  that  the  chemical  micro- 
scope will  do  more  for  the  chemist  than  any  other  instrument  or 
group  of  instruments,  and  it  behooves  me  to  prove  my  contention. 
In  the  first  place  microscopic  methods  are  the  simplest  and  shortest 
for  the  identification  of  a  compound.  Let  us  assume  that  the  analyst 
has  in  his  hands  a  crystaUine  salt,  and  by  qualitative  analysis  in  the 
usual  manner  he  decides  after  about  an  hour's  examination  that  it 
contains  sodium  and  phospheric  acid — ^nothing  else.  It  is  manifestly 
a  sodium  phosphate,  but  which  one?  Mono,  di  or  tri?  This  he  can 
answer  satisfactorily  by  quantitative  analysis,  and  actually  only  by 
a  determination  of  Na  and  PO4.  If,  however,  he  possesses  a  polar- 
izing microscope,  the  problem  is  quite  simple.    The  mono-sodium  salt 
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is  orthorhombic,  the  di-sodium,  mono-clinic,  while  the  tri-sodium 
phosphate  is  hexagonal.  He  can  clinch  his  opinion  with  one  or  more 
simide  optical  measurements  and  prove  his  case  by  refractive  index 
determinations  by  the  imm^sion  method.  Why  is  it  that  the  chemist 
never  uses  refractive  index  determinations  by  means  of  the  micro- 
scope as  an  aid  in  qualitative  analysis?  It  is  inconceivable  that  we 
have  had  these  methods  used  for  years  by  mineralogists  and  petro- 
graphers,  yet  never  had  sense  enough  to  apply  them  to  our  own  ends 
and  thereby  save  ourselves  hours  of  time. 

But  to  go  back  to  our  phosphate ;  had  we  made  the  qualitative 
analysis  by  microscopic  means  it  would  not  have  taken  us  an  hour, 
but  say  not  over  half  that  time.  We  would  have  been  seated  com- 
fortably at  a  table  and  would  have  satisfied  ourselyes  in  a  very  few 
minutes  that  the  salt  was  di-sodium  phosphate  badly  effloresced  and 
of  commercial,  not  C.  P.,  quality.  This  case  is  actually  a  t3rpical  one 
and  very  simple.  I  have  selected  it  because  it  illustrates  quite  clearly 
the  way  in  which  a  simple  salt  may  be  identified.  But  I  hear  some  of 
you  say  this  requires  a  knowledge  of  crystallography.  What  of  it  ? 
If  this  knowledge  will  save  us  time  and  labor  let  us  by  aU  means  do 
a  little  reading. 

Of  all  the  indrganic  salts  we  will  meet  with  in  industrial  work 
only  a  very  few  belong  to  the  isometric  system  and  have  no  effect 
upon  polarized  light.  Very  few  tetragonal  and  triclinic  and  fewer 
still  hexagonal.  There  is  rarely  need  for  expert  training  to  enable 
the  analyst  to  properly  place  the  compound  under  examination  in 
one  of  these  systems.  Suppose  again  the  analyst  has  an  inorganic 
crystalline  salt,  and  under  the  microscope  it  separates  from  water 
in  what  appears  to  be  large  colorless  octahedra  which  are  isotropic. 
The  salt  must  be  an  alum,  or  strontium,  barium,  or  lead  nitrate,  or 
one  of  several  chlorostannates.  The  addition  of  a  tiny  drop  of 
nitron  sulphate  gives  no  crystalline  precipitate,  therefore  it  cannot 
be  Sr,  Ba  or  Pb,  or  other  nitrate.  A  little  calcium  acetate  gives  crys- 
tals of  calcium  sulphate.  The  salt  is  presumably,  therefore,  an  alum. 
A  refractive  index  determination  will  show  which  alum,  or  we  can 
go  ahead  and  test  qualitatively  for  the  bases  present 

The  point  I  wish  to  emphasize  is  that  in  the  identification  of 
many  substances  a  systematic  time-consuming  analysis  is  unneces- 
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sary.  Note  well  also  that  all  the  work  is  done  upon  an  object  slide, 
that  only  low  powers  are  employed  and  the  amount  of  reagent  re- 
quired is  negligible.  Five  grams  of  practically  any  reagent  used 
should  last  an  analyst,  even  in  daily  examination,  almost  a  lifetime. 

I  find  that  the  prevailing  idea  among  chemists  is  that  qualitative 
analysis,  by  means  of  the  microscope,  has  for  its  purpose,  the  detec- 
tion of  infinitesimal  traces  of  material  such  that  all  other  methods 
fail.  Although  it  is  true  that  microscopic  methods  can  be  thus 
employed,  by  far  the  greatest  points  in  their  favor  are  the  rapidity 
of  obtaining  results  and  the  certainty  of  reaction.  Actually  the  rela- 
tive proportion  of  material  to  solvent  is  very  great,  we  are  apt  to 
be  working  with  high  concentrations.  We  take  a  fragment  of  the 
unknown  material,  not  quite  as  large  as  a  pin-head,  and  dissolve  it 
in  a  minute  drop  of  water  or  acid.  The  microscope  enlarges  this 
drop  of  solution  until  it  appears  to  have  the  diameter  of  a  twenty- 
five  cent  piece.  This  is  almost  equivalent  to  taking  a  handful  of 
the  unknown  and  dissolving  it  in  a  litre  of  solvent  The  identity 
test  is  made  by  adding  a  reagent  which  will  lead  to  the  formation 
and  separation  of  a  crystalline  phase. 

It  is  in  the  field  of  organic  analysis  that  the  microscope  stands 
without  any  possible  competitor.  Differentiation  of  isomeric  com- 
pounds, recognition  of  different  d^^ees  of  sulphonation,  nitration, 
etc.,  is  so  simple  in  most  cases  as  to  be  mere  child's  play.  Take  the 
case  of  the  phenol  sulphonic  acids.  Recognition  of  the  different 
acids,  mono  or  di,  ortho,  meta  or  para  or  mixtures,  was  a  stumbling 
block  for  years  until  Pratt  showed  that  the  barium  salts  were  easily 
differentiated  under  the  microscope.  The  di-acid  salt  forms  stout 
mono-clinic  prisms,  the  mono-ortho  acid  long  slender  rods,  and  the 
para  acid  tufts  of  fine  needles.  Quite  recently  the  microscope  was 
called  upon  to  aid  a  large  plant  in  controlling  the  completion  of  a 
certain  process.  It  was  found  that  the  manganese  salt  of  a  certain 
organic  compound  crystallized  in  plates  with  vivid  polarization  col- 
ors; the  other  product  which  it  was  desirable  to  eliminate  crys- 
tallized only  with  difficulty  in  sphaero  crystals  polarizing  feebly.  A 
glance  under  the  polarizing  microscope  showed  at  once  the  stage  in 
the  transformation  of  one  form  into  the  other.    The  older  method 
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of  control  took  not  less  than  twenty-four  hours ;  the  new  not  over 
twenty  minutes. 

By  far  the  majority  of  organic  compounds  cannot  be  differen- 
tiated and  identified  without  time  consuming  quantitative  determina- 
tiQtis.  Judicious  application  of  the  methods  of  what  Lehmann  years 
ago  called  crystal  analysis  yields  the  necessary  information  at  once. 

By  means  of  an  electrically-heated  stage  not  only  can  we  deter- 
mine melting  points  with  greater  ease  than  by  the  usual  methods, 
but  the  accuracy  of  our  observations  is  considerably  increased. 
Amounts  of  material  so  small  as  to  be  practically  invisible  to  the 
naked  eye  can  be  employed.  A  further  advantage  lies  in  the  fact 
that  the  melting  points  of  several  different  substances  existing  in  a 
mixture  may  be  ascertained  without  having  recourse  to  long  and 
arduous  separations,  involving  loss  of  material  and  time. 

Very  reliable  melting  points  of  fats  may  also  be  obtained  as  well 
as  the  boiling  and  subliming  points  of  small  quantities  of  material. 

The  advantages  of  microscopic  melting  point  determinations 
will  become  more  apparent  when  we  recall  that  when  we  separate 
one  compound  from  another  at  our  laboratory  work  table,  we  so 
proceed  that  the  final  products  stand  upon  our  table  a  few  inches 
apart  in  suitable  containers.  If  we  spread  a  small  quantity  of  the 
original  mixture  upon  a  bit  of  cover  glass  and  examine  the  prep- 
aration with  a  magnification  of  say  fifty  diameters,  a  decided  space 
will  be  seen  to  exist  between  most  of  the  different  components. 
Gentle  tapping  will  usually  increase  this  space.  To  all  intents  and 
purposes  the  magnification  has  done  exactly  what  we  accomplished 
in  our  long  chemical  separation ;  i.  e.,  removed  the  components  from 
apparent  contact  with  one  another,  and  interposed  space  between 
them.  In  most  instances  even  very  rapid  crystallization  of  two  or 
more  salts  upon  a  slide  by  quick  evaporation  of  their  solution  will 
yield  a  preparation  in  which  the  salts  will  be  found  to  have  separated 
without  intermixture,  and  with  a  sufficient  space  between  them  to 
allow  of  a  melting  point  determination  being  made. 

This  fact  is  clearly  shown  in  Fig.  1.  Evaporation  has  been 
pushed  so  fast  as  to  force  the  salts  to  crystallize  in  dendritic  forms, 
yet  each  group  of  dendrites  is  clear  and  distinct.  Were  such  a 
preparation  heated  carefully  and  watched  with  the  microscope,  I 
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think  you  wiU  all  agree  that  as  one  of  the  components  begins  to 
melt  it  will  easily  be  discerned  and  will  not  interfere  with  the  other. 
When,  however,  the  temperature  is  raised  to  the  melting  point  of 
the  second  component,  the  chances  are  that  the  two  liquids  wiU 
flow  together.  Nevertheless  the  moment  of  fusion  is  easily  ascer- 
tained. If  in  melting  point  observations,  as  I  pointed  out  some 
years  ago,  we  make  use  of  the  polarization  microscope,  the  transition 
from  a  solid  anisotropic  body  to  a  completely  fused  isotropic  body  is 
instantly  recognized. 

Doubtless  that  branch  of  chemical  microscopy  of  greatest  gen- 
eral applicability  is  in  qualitative  analysis.  The  addition  of  a  suit- 
able reagent  induces  the  formation  of  a  distinctive  compound  and  its 
subsequent  separation  as  a  solid  crystalline  phase.  These  crystals 
are  easily  recognized  and  are  so  characteristic  that  there  is  little 
danger  of  mistaking  those  given  by  one  element  or  compound  for 
those  of  another.  Add  to  the  distinctive  morphology  the  fact  that 
color  also  enters  into  the  identification  scheme,  and  it  will  be  even 
more  apparent  why  microscopic  methods  offer  such  ready  means  of 
identification.  In  a  large  number  of  cases  one  and  the  same  reagent 
will  cause  distinctive  crystals  separations  with  a  number  of  sub- 
stances. One  of  the  best  examples  of  this  is  potassium  (or  sodium) 
mercuric  sulphocyanate,  K,  Hg(CNS)4  (or  2  KCNS.  Hg  (CNS)2) 
which  gives  characteristic  crystals  with  copper,  yellowish  green 
(F^.  2)  ;  cobalt,  deep  blue,  (Fig.  3)  ;  zinc,  white  (Fig.  4)  ;  cadmium, 
colorless  (Fig.  5) ;  lead,  colorless  (Fig.  6) ;  manganese,  colorless 
(Fig.  7) ;  gold,  yellow;  silver  tiny  colorless;  and  a  red  color  with 
iron.  Thus  the  addition  of  a  single  reagent  will  show  at  once  the 
presence  or  absence  of  a  number  of  elements,  and  at  the  same  time 
produce  an  identity  test  for  each,  thereby  saving  an  enormous 
amount  of  time  and  material.  There  are  a  number  of  such  reagents 
available,  and  by  carefully  choosing  them  we  can  complete  in  a 
few  minutes  a  qualitative  analysis,  intricate  though  it  may  be. 

Time  will  not  permit  me  to  show  slides  of  more  than  one  or  more 
of  these,  multiple  test  reagents.  I  have  selected  cesium  chloride, 
which  gives  us  reactions  for  bismuth,  antimony,  tin,  copper,  silver 
and  lead,  and  occasionaUy,  aluminum  and  magnesium.  You  will 
note  that  the  crystals  obtained  are  just  as  different  from  each  other 
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and  just  as  easily  recognized  as  those  formed  by  the  mercuric  sulpho- 
cyanates.  The  slides  I  now  show  you  are  the  characteristic  reactions 
for  the  common  acids.  You  wiU  note  that  the  crystal  forms  are  so 
different  and  so  easily  remembered  that  there  can  result  no  confusion 
when  the  tests  are  properly  applied. 

The  amount  of  material  required  for  our  tests  is  shown  by  the 
tiny  fragment  clinging  to  an  ordinary  No.  7  sewing  needle  (equiva- 
lent to  a  fragment  whose  diameter  is  approximately  that  of  a  period 
(.)  on  this  page).  The  manner  in  which  a  test  is  performed  I  have 
tried  to  show  in  this  lantern  slide,  Fig.  8.  An  ordinary  3"xl"  object 
slide  with  the  steps  in  the  analysis  of  an  alloy  has  been  photographed 
natural  size  in  order  that  the  relative  sizes  of  the  drops  may  be  bet- 
ter judged.  The  tiny  black  spot  (0.8  mm.  x  0.1  x  0.1  mm.)  is  a  piece 
of  the  alloy  of  the  exact  size  of  that  employed  for  the  analysis.  The 
large  spot  at  the  comer  is  the  space  occupied  by  the  solution  of  the 
alloy  after  repeated  evaporations  with  tiny  drops  of  nitric  acid  to 
render  insoluble  any  tin  present.  The  nitric  acid  soluble  portion 
has  been  decanted  to  the  second  spot.  The  residue  has  been  tested 
and  found  to  contain  tin,  antimony,  and  copper.  The  nitric  acid 
solution  has  been  divided  into  three  drops  as  seen  on  the  slide;  the 
first  shows  the  dry  residue  after  finding  lead,  copper  and  antimony 
present;  the  third  spot  is  what  remains  on  the  slide  after  testing 
for  other  elements  and  finding  zinc  and  iron  in  traces,  in  addition  to 
those  already  found.  The  fourth  spot  has  been  used  for  testing  for 
the  remaining  possible  metals  which  were  not  disclosed  in  the  other 
tests. 

We  have  thus  carried  out  upon  an  object  slide  the  entire  quali- 
tative analysis  of  a  bearing  metal  containing  tin,  antimony,  lead,  and 
a  small  amount  of  copper,  and  having  traces  of  iron  and  zinc  present. 
Actually  it  took  no  more  time  to  perform  the  analysis  than  it  has 
taken  time  to  tell  it.  The  worker  has  been  seated  at  a  small  table 
and  has  used  less  than  five  cents  worth  of  reagents  and  gas.  Instead 
of  cutting  off  a  small  portion  of  the  alloy  we  could  just  as  well 
have  rubbed  it  over  a  piece  of  ground  glass  or  unglazed  porcelain, 
dissolved  off  portions  of  the  streak  with  acid  and  made  our  analysis 
as  just  outlined.  The  next  lantern  slide  shows  this  method  together 
with  the  results  obtained  and  the  time  required  for  the  analysis. 
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These  cases  are  fair  lUustrations  of  what  is  possiUe  in  the  saving 
of  time,  money  and  labor,  through  the  employment  of  microscopic 
methods. 

Other  valuable  applications  of  qualitative  tests  are  those  involv- 
ing testing  for  the  purity  of  precipitates  in  gravimetric  analyses  in 
order  to  avoid  the  time  and  trouble  involved  in  resolution  and  re- 
precipitation,  in  testing  for  complete  precipitation,  especially  in  elec- 
trolytic analysis  and  also  in  testing  for  complete  washing. 

Another  valuable  application  of  microscopic  chemical  mediods 
is  in  the  analysis  of  the  total  solid  residue  in  water  analyses.  We 
generally  speak  of  the  hypothetical  combinations  present.  I  do  not 
wish  to  raise  the  question  of  reporting  ions  or  combinations,  but  I 
do  desire  to  lay  emphasis  upon  the  fact  that  it  is  possible  and  practi- 
cable, in  most  cases,  to  identify  the  salts  present  in  the  solid  residue 
through  their  habit  and  optical  properties,  providing  the  work  is 
properly  done.  I  know  of  several  instances  where  identification  of 
the  principal  compounds  present  threw  much  light  upon  obscure 
problems.  Traces  or  more  of  the  heavy  metals,  such  as  lead,  cop- 
per, etc.,  are  far  more  readily  detected  by  microscopic  qualitative 
analysis  methods  than  by  any  other  means  at  our  disposal. 

Water  analysts  pay  altogether  too  little  attention  to  microscopic 
examinations  of  sediments  and  suspended  matters,  to  the  deposits 
at  the  bottom  of  springs,  wells  and  cisterns.  Much  valuable  informa- 
tion is  also  to  be  derived  from  the  examination  of  the  muddy  ooze 
at  the  bottom  of  streams,  ponds  and  reservoirs,  and  from  the  study 
of  the  coated  sands  from  rapid  filter  beds,  to  learn  the  extent  and 
character  of  the  adsorption  of  aluminiun  hydroxide  by  the  sand 
grains.  When  we  speak  of  the  "microscopy  of  drinking  water", 
we  generally  mean  researches  upon  the  flora  and  fauna  giving  rise 
to  disagreeable  odors  and  tastes,  but  this  is  in  reality  only  a  very 
narrow  portion  of  a  huge  field  which  is  by  no  means  restricted  to 
biological  problems  or  even  to  investigations  made  with  the  ordi- 
nary microscope,  since  it  comprises  problems  soluble  only  by  means 
of  such  specialized  instruments  as  the  ultramicroscope  and  the  lum- 
inescence microscope. 

The  remaining  lantern  slides  have  been  chosen  to  illustrate  the 
application  of  microscopic  methods  to  the  solution  of  problems  in 
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seme  of  the  great  industries.  I  can  do  no  more  than  touch  upon 
tbem.  Permit  me,  therefore,  to  merely  outline  the  nature  of  the 
information  given. 

Abrasives:  Proper  grinding  requires  adequate  speed  without 
undue  heatii^,  cutting  of  uniform  depth,  wheels  which  wear  well. 
In  other  words  the  selection  of  the  proper  sort  of  wheel  and  speed 
for  the  specific  purpose.  There  enters  in  addition,  the  size  of  par- 
ticles of  abrasive  and  the  nature  of  the  bonding  material  giving  a 
hard  or  soft  wheel.  Much  of  the  manufacturing  has  been  done  upon 
a  purely  empirical  basis  and  by  rule  of  thumb  methods. 

Microscopic  examinations  of  particles  torn  off  shows  how  the 
wheels  have  acted.  While  a  similar  examination  of  the  groimd  sur- 
face shows  the  character  of  the  cutting  done. 

It  is  surprisii^  how  much  information  may  be  gained  in  this 
way,  and  how  it  may  be  used  to  guide  one  in  making  proper 
selections. 

I  will  be  able  to  demonstrate  that  a  grinding  wheel  of  a  certain 
kind  wiU  tear  off  the  surface  of  tool  steel  in  such  a  manner  as  to 
heat  the  steel  and  draw  its  temper  to  such  a  d^ree  that  the  particles 
you  will  see  under  the  microscope  have  been  fused  into  tiny  spheres. 
Another  wheel  rotating  with  the  same  surface  velocity  will  cut  off 
the  material  in  ribbons.  You  will  note  how  few  melted  fragments 
are  present,  as  shown  by  the  absence  of  tiny  spherical  masses.  Such 
a  wheel  can  be  employed  for  purposes  for  which  the  other  is  obvi- 
ously tmsuited. 

Cement,  Concrete,  Ceramics,  etc. — By  microscopic  examination 
it  is  possible  to  determine  the  character  of  the  final  product,  its  com- 
ponent parts  and  their  volume  per  cent ;  the  prevalence  of  an  undue 
proportion  of  air  and  water  voids ;  the  thoroughness  of  wetting  of 
the  cement  mixtures,  etc. 

Not  less  important  is  the  recognition  of  improper  bonding  and 
valuable  information  is  obtainable  as  to  the  actual  strength  of  the 
concrete  or  its  liability  to  failure.  There  is  here  a  huge  field  for 
the  investigator  offering  untold  possibilities. 

The  whole  field  of  ceramics,  both  clay  products  and  porcelains, 
needs  intensive  microscopic  research.  Even  our  ordinary  bricks 
offer  a  most  attractive  subject  for  the  investigator. 
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The  thickness  of  glaze  and  the  thoroughness  of  its  bond  with 
Ae  body-making  material  can  readily  be  determined.  I  have  pre- 
pared slides  of  two  high-grade  porcelains;  in  one  of  these,  Fig.  9, 
you  will  note  the  glaze  is  thick  and  between  it  and  the  porcelain 
are  a  vast  number  of  tiny  gas  voids.  In  some  cases  these  gas  voids 
penetrate  the  glaze  as  infinitely  fine  capillary  tubes.  The  other 
porcelain  of  far  higher  quality  has  a  much  thinner  glaze  and  as  you 
see,  (Fig.  10),  has  almost  no  gas  voids,  the  bonding  is  almost  per- 
fect. Examinations  of  this  sort,  employed  in  the  industry,  go  a 
long  ways  to  improve  the  products  turned  out. 

Foods  and  Beverages:  Doubtless  the  earliest  api^ication  of 
microscopic  methods  by  the  chemist  was  in  the  examination  of 
foods,  food  accessories  and  drugs  for  adulteration  or  deterioration. 
Examinations  of  this  sort  are  based  largely  upon  v^etable  and 
animal  histology,  and  differ  but  little,  if  any,  from  the  ordinary 
technique  of  histology.  No  other  methods  are  available  to  accom- 
plish the  ends  in  view,  and  we  can  therefore  assume  that  in  this 
line  at  least  the  microscope  is  indispensable,  training  in  the  neces- 
sary technique  imperative,  and  every  food  analyst  and  expert  must 
perforce  train  himself  to  undertake  studies  of  this  sort. 

This  field  of  activity  is  so  well  understood  and  so  firmly  estab- 
lished that  we  can  dismiss  it  without  further  comment.  But  there 
is  in  this  whole  question  of  the  microscopy  of  foods  and  drugs, 
another  phase,  which  chemists  have  greatly  neglected,  that  of  the 
amazing  possibilities  of  microscopic  qualitative  and  quantitative 
analysis.  To  even  enumerate  the  list  of  substances  whose  detection 
becomes  simpler,  more  certain  and  much  more  rapid  than  by « our 
ordinary  routine  tests,  would  require  more  than  the  remaining  time 
at  my  disposal.  These  "micro"  tests  are  applicable  to  organic,  as 
weU  as  inorganic  substances,  as  I  have  already  pointed  out.  We 
have  nothing  better  than  microscopic  methods  for  the  detection  of 
the  poisonous  metals,  for  the  recognition  of  the  organic  acids,  for 
the  detection  of  preservatives,  for  the  vegetable  alkaloids,  glucosides, 
and  other  active  principles  of  plants ;  nor  can  we  find  other  methods 
available  for  the  quantitative  analysis  of  starch  mixtures  and  for 
similar  analyses  of  mixed  powders  and  meals  of  vegetable  origin. 
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The  recognition  of  our  commercial  synthetic  drugs  also  is  con- 
siderably simplified.  In  fact  it  is  no  exaggeration  to  say  that  proper 
analyses  of  this  sort  cannot  be  conducted  unless  tiie  microscope  is 
employed. 

In  the  canning  industry,  especially  that  employing  tin  cans  and 
other  containers*  the  microscope  gives  information  of  untold  value. 
Soldered  and  crimped  joints  yield  up  their  secrets,  as  also  the  tinned 
surface  or  other  protective  coating  which  may  have  been  applied 
to  metal  or  paper  surfaces.  The  possibilities,  are  in  fact,  without 
end. 

Metallurgical  Industries :  The  microscopic  study  of  metals  and 
alloys  has  been  so  firmly  established  within  the  last  few  years,  and 
the  close  relation  between  structure  and  physical  properties  so  gen- 
erally recognized  and  its  importance  proved  in  practice,  that  I  need 
not  spend  time  upon  this  question.  Although  these  methods  have 
beai  placed  upon  a  firm  foundation  in  the  iron  and  steel  industries, 
there  is  much  work  to  be  done  in  the  great  field  of  commercial  alloys. 
We  generally  think  of  heat  treatments  in  terms  of  steel  only.  As 
a  matter  of  fact  many  alloys  may  be  greatiy  improved  by  carefully 
^conducted  heat  treatments.  In  order  that  such  work  may  be  properly 
done,  microscopic  studies  of  structure  are  imperative.  This  is  well 
shown  in  photographs  of  a  copper^  zinc,  and  of  a  copper-aluminum 
alloy,  which  I  will  show  you. 

Often  the  microscopic  appearance  of  a  roughly  polished  and 
etched  specimen  taken  in  conjunction  with  a  hasty  qualitative  analysis 
will  give  the  investigator  all  the  information  he  may  require  to  de- 
duce the  quantitative  composition,  and  to  make  a  shrewd  guess  at 
the  physicU  properties. 

A  most  fruitful  field  leading  to  improved  practices  is  the  study 
of  welds  and  brazes  under  the  microscope.  At  least  one  expert  in 
welding  by  means  of  oxy-acetylene  owes  much  of  his  remarkable 
success  to  microscopic  studies  of  welded  materials. 

Not  infrequently  the  microscope  shows  that  a  poor  product  is 
due  to  improper  temperatures  of  casting  or  coating,  and  not  to  bad 
raw  materials  or  wrong  percentage  composition.  This  is  especially 
the  case  in  babbitts  and  in  tinned  goods.    We  have  here  photographs 
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showing  the  great  diflference  in  the  structure  of  a  babbitt  cast  at  too 
high  a  temperature  and  the  same  one  poured  just  right.  It  is  obvious 
that  in  the  one  case  friction  will  be  considerably  greater  than  in  the 
other,  particularly  if  in  a  high  speed  bearing. 

Paints,  Pigments,  Protective  Coatings :  The  microscopic  studies 
of  materials  falling  in  this  class  may  be  classed  under  three  heads : 
(1)  The  examination  of  the  raw  materials,  (2)  that  of  the  coated 
surfaces  and  (3)  studies  of  the  methpds  and  results  of  applying  the 
coatings  to  the  objects  to  be  protected. 

Briefly  stated  the  raw  materials  under  the  microscope  (chiefly 
pigments,  etc.,)  reveal  their  source  and  nature;  often  the  process 
of  manufacture  and  their  suitability  for  the  purposes  for  which  they 
have  been  purchased.  Take  for  example  the  mere  question  of  size 
in  the  selection  of  the  pigments  for  a  mixed  color  paint.  It  is  a  sim- 
ple matter  to  obtain  a  whole  series  of  diflFerent  shades  by  using,  say 
two  pigments  and  having  them  vary  in  the  ultimate  size  of  their 
particles,  although  the  per  cent  by  weight  of  each  remains  constant 
The  actual  shape  of  the  particles  also  probably  seriously  effects 
the  length  of  time  the  paint  really  acts  as  an  eflicient  protector, 
especially  in  paints  containing  silica,  graphite  or  both.  The  micro- 
scope also  throws  light  upon  the  nature  of  the  changes  taking  place 
in  the  pigments  of  paints  on  being  exposed  to  air,  l^t  and  the 
weather.  A  good  illustration  is  to  be  found  in  the  study  of  the  cause 
of  the  darkening  of  lithopones. 

Examination  of  the  weathered,  coated,  objects,  both  of  the 
surfaces  and  of  section,  cut  through  the  thin  fihns  of  coatings,  not 
infrequently  will  permit  the  formation  of  an  immediate  opinion  as 
to  the  quality  of  the  paints  or  coatings,  and  the  skill  of  the  workmen 
who  applied  them. 

Too  little  attention  has  been  paid  in  the  past  to  the  study  of 
sections.  I  believe  you  will  all  be  interested  in  the  prepara- 
tions I  have  to  show  you.  I  have  selected  them  because  they  exhibit 
in  a  striking  manner  the  diflFerences  between  good  and  bad  paints» 
and  between  good  and  bad  workmanship  in  their  application.  You 
will  also  note  that  the  appearance  under  the  microscope  of  these 
samples  of  japanned  steel  show  very  clearly  the  superiority  of  the 
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one  method  of  baking  over  the  other :  in  actual  practice  the  supe- 
rior surface  costs  less  to  apply  than  the  inferior  and  wears  longer 
and  better. 

The  microscope  in  the  hands  of  the  chemist  dealing  with  this 
class  of  commercial  material  enables  him  to  rapidly  evaluate  the 
products  handled  by  his  firm,  to  improve  faulty  products  and  to 
determine  whether  the  materials  supplied  to  the  trade  are  being 
properly  applied. 

Nor  must  we  omit  from  mention  the  valuable  information  we 
may  obtain  from  the  microscopic  study  of  woods  to  which  fire  or 
decay-proofing  substances  have  been  applied. 

I  have  thus  far  failed  to  mention  one  great  industry  based 
lai^ely  upon  microscopic  control — the  Paper  Industry.  Practically, 
an  analysis  of  paper  without  reference  to  its  ultimate  composition 
as  shown  by  the  microscope  is  of  little  or  no  value.  Actually  much 
paper  is  manufactured  and  employed  for  various  purposes  without 
studies  under  this  instrument.  As  a  necessary  consequence  we  fre- 
quently meet  with  paper-fibre  goods  manufactured  with  little  r^fard 
for  the  ends  to  be  attained  other  than  to  sell  at  a  profit.  A  fair 
criticism  of  our  American  paper  products  are  that  they  are  too  good. 
That  is  to  say,  the  quality  is  higher  than  need  be,  and  the  cost  to 
the  consumer  is  greater  than  it  should  be  for  many  of  the  objects 
to  be  attained.  By  that  I  mean  that  a  less  expensive  product  would 
serve  equally  well  and  not  infrequently  better.  This  is  poor  busi- 
ness and  poorer  conservation.    Let  me  cite  a  case  in  point. 

A  few  years  ago  a  firm  manufacturing  a  product  (which  must 
be  nameless,  since  the  investigation  was  conducted  in  confidence) 
appealed  to  the  laboratory  for  advice.  Their  product,  and  that  of 
their  competitors  also,  was  failing  to  stand  up  unoer  new  condi- 
tions of  use.  In  desperation  the  chemist  of  the  firm  wanted  to  know 
whether  the  microscope  would  reveal  the  source  of  the  trouble. 
Critical  study  for  a  day  or  two  of  new  and  failed  material  showed 
that  changes  made  by  the  paper  firms  were  probably  the  cause  of  the 
trouble.  A  commercially  better  grade  of  paper  was  being  supplied. 
The  matter  was  taken  up  with  the  paper  firm.  The  answer  was 
quick  and  to  the  point.    The  paper  supplied  was  the  highest  grade 
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that  could  be  produced  at  that  price  and  further  they  didn't  pro- 
pose to  have  any  men,  mere  analysts,  tell  them  their  business.  They 
had  been  manufacturing  papers  before  the  questioning  men  were 
bom,  etc.,  etc.  In  fact  the  same  old  story  and  the  same  old  trouble 
with  many  well-meaning  American  firms.  All  you  industrial  men 
have  had  similar  experiences.    I  need  not  go  further. 

A  small  firm  was  prevailed  upon  to  make  a  paper  of  a  kind 
which,  it  was  believed,  would  eliminate  certain  features  which  the 
microscope  seemed  to  indicate  to  be  the  cause,  or  at  least  one  of  the 
causes  of  the  troubles.  This  new  paper  was  then  treated  in  the 
proper  manner  and  tested  out.  The  results  were  so  satisfactory  that 
a  contract  was  placed  to  take  the  entire  output  of  the  paper  firm 
with  specifications  as  to  the  kind  of  paper  needed.  The  net  result 
was  that  a  product  was  obtained  in  which,  not  only  were  the  old 
defects  eliminated,  but  the  cost  of  production  was  decreased,  the 
final  profit  greatly  increased,  and  the  stability  of  this  industry 
assured.  But  I  am  not  sure  that  the  paper  firm  which  lost  a  large 
contract  is  even  today  convinced  that  the  new  methods  of  micro- 
scopic investigations  are  of  value. 

There  is  little  doubt  that  similar  conditions  obtain  in  many  of 
the  other  varied  paper-fibre  industries.  Microscopic  methods  are 
the  only  ones  which  enable  the  analyst  to  identify  the  nature  of 
the  paper  and  to  indicate  its  fitness  and  adaptability  for  the  specific 
uses  to  which  it  will  be  put. 

The  technique  for  the  recognition  of  the  nature  of  the  fibres 
present  and  for  their  quantitative  determinations  are  fairly  well 
established  and  are  on  the  whole,  quite  satisfactory.  But  a  phase 
of  microscopic  investigation  has  been  n^lected.  A  study  of  the 
finished  surface  with  reference  to  the  uses  to  which  the  paper  is 
to  be  applied.  A  study  of  paper  surfaces  with  vertical  illuminator 
and  with  oblique  light  yields  most  interesting  results.  Were  these 
methods  more  often  employed  there  would  be,  in  many  cases,  a 
decided  modification  in  certain  papers  on  the  market 

The  Textile  Industries:  Like  paper,  the  analyses  of  textiles 
and  the  recognition  of  the  fibres  of  commerce  are  dependent  entirely 
upon  the  proper  application  of  microscopic  methods.    At  the  present 
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time  no  other  satisfactory  methods  are  available  for  differentiating 
between  the  species  of  fibres  employed,  the  specific  treatment  they 
have  received,  or  the  locmi  arrangement  by  which  the  yams  have 
been  woven  into  fabrics.  In  not  a  few  instances  the  information 
thus  obtainable  may  go  even  farther  and  disclose  the  nature  of  the 
method  used  in  dyeing  the  yam  or  the  fabric.  Uneven  adsorption, 
variable  penetration,  etc.,  are  easily  recognized.  The  skilled  investi- 
gator may  go  even  farther  and  discriminate  between  different  quali- 
ties of  the  same  species. 

The  technical  microscopy  of  the  textile  fibres  is  still  in  its 
infancy,  its  literature  teems  with  inaccuracies  and  contradictions. 
Too  little  attention  has  been  devoted  to  the  investigation  of  the  reac- 
tions of  reagents  and  the  selection  of  proper  differentiating  stains, 
and  the  potential  possibilities  of  dark  field  condensers  having  very 
oblique  ray  illumination  (ultramicroscope)  and  of  luminescence 
illumination  (ultra  violet  rays)  have  not  yet  received  the  attention 
they  deserve. 

By  way  of  illustration  of  what  the  microscope  reveals,  I  call 
your  attention  to  several  lantern  slides  selected  to  show  how  n^lect 
to  employ  this  instrument  led  to  the  failure  of  a  manufacturer  to 
reproduce  a  fabric  which  his  firm  was  called  upon  to  manufacture 
because  of  war  conditions.  The  reproduction  involved  producing 
a  similar  yarn  from  like  fibres,  a  similar  weave  in  the  fabric,  and 
a  similar  colored  printed  pattern.  You  will  see  that  in  no  case  was 
he  successful  and  that  his  different  attempts  were  a  waste  of  time, 
material  and  energy,  since  he  apparently  lacked  the  fundamental 
microscopic  information  necessary  for  success. 

I  trust  that  in  these  rambling  remarks  I  may  have  converted 
some  skeptics  to  a  belief  in  the  importance  of  chemical  microscopy 
in  our  industries,  and  may  stimulate  a  wider  interest  in  a  branch 
of  chemical  analysis  whose  value  has  been  greatly  underestimated 
and  whose  development  has  been  sadly  neglected. 
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EXPLANATION  OF  PLATES 


Plate  XI.  Fig.  1.  Crystallizatioti  upon  an  object  slide  even  so  rapid  as  to 
lead  to  the  formation  of  dendrite  crystals  rarely  results  in  contact  between 
the  crystal  groups.  Melting  points  may  often  therefore  be  determined 
without  the  necessity  of  separating  constituents.  In  the  field  photo- 
graphed are  crystals  aggregates  belonging  to  the  isometric  and  to  the 
monodinic  systems. 

Plates  XI,  XII,  XIII,  XIV.  Figs.  2,  3,  4,  5,6,7.  A  single  reagent  often  gives 
very  different  crystals  with  different  elements.  The  illustrations  show  the 
crystals  produced  by  the  action  of  potassium  mercuric  sulphocyante  upon 
solutions  of  salts  of  the  elements  listed  below.  Thus,  by  adding  a  single 
reagent  the  presence  or  absence  of  many  substances  may  be  at  once 
indicated  effecting  a  saving  of  time,  labor  and  material. 

Fig.  2.  Reaction  with  Salts  of  Copper,  giving  Cu(CNS)f  •Hg(CNS)t 

^HtO,  color,  greenish  yellow. 

Fig.  3.  With  salts  of  Cobalt,  Co(CNS).*Hg(CNS).;  color,  deep  blue. 

Fig.  4.  With  salts  of  Zinc,  Zn(CNS).^Hg(CNS),;  color,  white. 

Fig.  5.  With  salts  of  Cadmium,  Cd(CNS).^Hg(CNS),;  colorless. 

Fig.  6.  With  salts  of  Lead,  Pb(CN§).*Hg(CNS),;  colorless. 

Fig.  7.  With  Manganous  salts,  Mn(CNS)t''Hg(CNS)t;  colorless. 

Plate  XIV.  Fig.  8.  Illustrates  the  amount  of  space  required  to  perform  the 
complete  analysis  of  an  ordinary  commercial  alloy  (Babbitt).  The  pho- 
tograph is  that  of  the  end  of  a  standard  3x1  in.  object  slide  upon  ^diich 
an  actual  analysis  has  been  effected.  The  spots  show  where  the  tiny 
fragment  of  alloy  was  dissolved,  reagents  applied,  and  decantation  of 
drops  from  one  place  to  another  practiced.  Since  the  quantities  of  material 
required  are  small  the  time  consumed  and  the  amount  of  reagents  required 
are  reduced  to  a  minimum. 

Plate  XV.  Figs.  9,  10.  Show  the  application  of  microscopic  methods  to  the 
study  of  ceramic  glazes.  Fig.  9  shows  a  thick  glaze  improperly  bonded 
and  filled  with  gas  bubbles.  Fig.  10  a  thin  glaze  closely  adherent  to  the 
porcelain  and  containing  very  few  gas  bubbles. 
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Plate  XII 
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Fig.  6 


Plate  XIII 
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Plate  XIV 
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Plate  XV 
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SOME  COMPARISONS  BETWEEN  NUCLEI  OF 

NERVE  CELLS 

By  WnxiAM  A.  Hilton 

Nuclei  were  compared  from  a  large  number  of  animals,  chiefly 
invertebrates.  In  this  short  paper  nuclei  alone  are  drawn.  No 
special  method  has  been  applied  at  this  time.  In  all  cases  strong 
fixing  reagents  and  strong  stains  were  used,  such  as  Flemming's 
fluid  or  mercuric  cloride.  The  stain  used  was  hematoxylin  in  most 
cases.  Slight  differences  which  one  or  another  reagent  gives  will 
not  be  entered  into  at  present.  The  figures  were  made  from  prep- 
arations which  seemed  to  be  typical  cells  for  the  animal.  In  the 
methods  used  no  great  differences  were  seen  in  the  appearances  of 
the  nuclei  except  that  by  some  methods  they  stained  more  intensely. 

The  study  is  particularly  directed  towards  a  comparison  of 
the  distribution  of  the  basichromatin  in  the  nuclei.  All  drawings 
are  at  the  same  scale  and  drawn  with  a  camera  lucida  with  the  best 
oil  inunersion  objective  available. 

Many  of  us  appreciate  the  advances  which  Biology  has  made 
through  the  aid  of  chemical  interpretations  and  physical  and  chemi- 
cal explanations.  Some  are  inclined  to  belittle  pure  morphological 
studies,  but  it  seems  in  many  cases  that  we  have  to  come  back  to 
the  purely  anatomical  and  morphological  investigations  in  order  to 
advance.  Great  attention  has  been  given  to  the  dividing  period  of 
cell  activities,  but  are  not  the  periods  between  division  more  import- 
ant in  many  respects?  Is  it  not  probable  that  this  is  the  time  when 
the  nature  of  the  cell  is  determined?  Evidence  has  gradually  been 
accumulating  to  show  that  the  nucleus  and  the  materials  within  it 
are  closely  related  to  the  cell  body  and  its  activities. 

The  nucleus  is  probably  not  concerned  with  conduction  or  the 
special  activities  of  the  neurone,  although  it  may  have  to  do  with 
nutrition.  Even  in  Protozoa  Verworn  '88  (1),  denies  the  nucleus 
being  the  seat  of  any  psychic  activity  as  expressed  by  motion.  The 
nucleus  seems  to  have  nothing  to  do  directly  with  irritability ;  f  rag- 

d)  Zeit  f.  win.  Zoot  Uvi 
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ments  without  nuclei  respond  as  readily  to  stimuli  as  other  parts. 
That  the  nucleus  controls  or  conditions  the  character  of  the  cell 
body  seems  true  to  some  degree,  but  just  how  much,  opinions  diflFer. 
In  those  cells  which  retain  dieir  power  to  divide  the  chromatin  con- 
tent remains  large,  in  those  which  differentiate,  this  chromatin  falls 
proportionately,  but  in  some  cells  it  may  be  restored  once  more  when 
certain  stimuli  or  special  nutrition  prepares  them  for  division  again. 
Nerve  cells  and  some  others  do  not  as  a  rule  divide  after  their 
mature  life  is  reached,  and  in  these  the  chromatin  content  is  e^>e- 
cially  reduced.  E.  Rohde  '11  (2)  calls  attention  to  the  reduction 
of  chromatin  in  other  than  germ  cells  and  compares  the  loss  through 
polar  body  formation  to  the  loss  in  nerve  cells,  yolk  cells  and  in 
the  extreme  condition  in  the  red  blood  cells  of  mammals. 

Although  nerve  cells  do  not  divide  they  may  give  out  growths 
during  this  period  as  shown  by  G.  Marinesco  and  J.  Minera  '14  (3), 
who  studied  a  culture  of  spinal  ganglion  cells  in  vitro.  The  con- 
nective tissue  cells  did  grow  by  multiplication,  but  the  nerve  cells 
did  not  divide  although  they  gave  out  processes.  From  other  evi- 
dence it  seems  possible  also  that  in  the  adult  central  nervous  sys- 
tem there  may  be  growth  or  change  of  position  of  fibers  to  make 
new  connections. 

M.  Muhlmann  '11  (4),  has  studied  the  structure  of  nerve  cells 
at  different  ages  in  mammals.  He  finds  at  first  a  large  amount  of 
chromatin  in  the  nucleus,  later  it  became  less,  some  goes  to  form 
a  sort  of  nucleolus.  The  tigroid  substance  of  the  cell  body  gradu- 
ally increases.  Later  Muhlmann  '14  (5)  studied  the  composition 
of  Nissl's  granules  and  found  that  they  have  a  nuclein  content 
along  with  globulin,  but  the  nuclein  of  Nissl's  granules  differs  from 
that  of  nuclei  because  the  tigroid  substance  is  soluable  in  alkalis 
and  the  chromatin  of  the  nucleus  is  not.  Just  what  relation  the 
lost  chromatin  of  nerve  cells  bears  to  the  cytoplasm  remains  to  be 
clearly  determined,  but  that  there  is  a  relation  seems  clear  from 
the  work  of  many. 


(2)  Zcit.  f.  wiss.  Zool.  zcviii 

(3)  Anat  anz.  1914. 
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H.  Stauffacher  '10  (6)  studied  the  nuclear  structure  in  animal 
and  plant  cells  and  found  the  oxychromatic  matrix  substance  of 
the  nucleolus  connected  by  internal  nuclear  bridges  with  the  oxy- 
cfanmiatin  of  the  nucleus  and  that,  with  the  oxychromatin  of  the 
cytoplasm.  Basichromatin  always  has  an  oxychromatin  foundation. 
Nucleoli  arise  from  oxychromatin  and  pass  to  the  nucleus  and  from 
there  into  the  cell  substance.  Nudein  has  to  do  with  growth  and 
metabolism.  He  does  not  believe  in  a  nuclear  membrane.  The 
drawings  and  photographs  of  Stauffacher  lode  very  convincing.  I 
have  found  similar  conditions  in  some  germ  cells.  J.  Schaxel  '10 
(7)  speaks  of  the  r^^lative  emmission  of  chromatin  to  the  cell 
from  the  nucleus.  W.  Knoll  '10  (8)  has  studied  the  leucytes  in 
bone  marrow.  Nuclear  bridges  connect  contractile  parts  of  the 
nucleus  with  contractile  parts  of  the  cytoplasm.  There  are  many 
other  papers  with  similar  evidence  which  suggest  either  a  close 
chemical  interrelationship  or  definite  organic  connection  between 
<^rtoplasm  and  nucleus. 

That  nuclei  may  receive  again  from  the  cytoplasm,  or  that  the 
cell  body  aids  the  nucleus  in  the  growth  of  its  chromatin  seems  clear 
from  the  recent  work  of  V.  Danchakoff  '16  (9).  "Accumulations 
of  basophilic  substance  are  found  in  the  cytoplasm  ♦  ♦  ♦.  The  small 
achromatic  nucleus  of  the  mature  egg  both  after  fertilization  and 
at  the  banning  of  parthenogenesis  seem  to  exert  a  strong  attrac- 
tion on  the  basophilic  accumulations  found  in  the  cytoplasm.  This 
substance  is  soon  displaced  and  localized  around  the  nucleus.  At 
the  same  time  a  radiation  around  the  nucleus  is  perceptible,  which 
IS  apparently  the  expression  of  the  flowing  of  the  basophilic  sub- 
staxKe  towards  the  nucleus  ♦  ♦  ♦.  The  close  relation  between  the 
true  chromatin  bodies  within  the  nucleus  and  the  basophilic  chro- 
matic substance  in  the  cytoplasm  is  easily  traced." 

In  a  study  of  a  large  number  of  nerve  nuclei  such  as  shown 
in  figs.  1  to  17  and  fig.  22,  it  is  found  that  in  most  nuclei  there  is 
but  a  scanty  distribution  of  nuclear  material  which  is  proportionately 

(6)  Zeit  f.  wias.  Zool.  xcv. 

(7)  Verh.  vm  Intnat.  Zool.  Kong,  zti  Graz.  1910. 

(8)  Zeit  wiss.  Zool.  xcv. 

(9)  Jour,  morph,  vol.  xxvii,  no.  3. 
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less  in  the  larger  nuclei  of  ceUs  that  have  very  large  cell  bodies. 
In  most  cells  there  is  a  well-marked,  usually  clear  nucleolus.  In  many 
there  are  many  fine  strands  of  linin  visible,  usually  radiating  from 
the  center  of  the  nucleus.  The  smallest  animak  have  the  smallest 
cells  and  these  have  the  smallest  nuclei.  Very  often  the  smallest 
nuclei  do  not  look  much  like  those  of  nerve  cells,  such  as  those  of 
Podura  (fig.  13)  and  Aphorura  (fig.  12),  seem  more  like  neuro- 
blasts or  young  cells  although  their  chromatin  content  is  small.  In 
the  larger  animals  there  was  considerable  variation  noted  in  cells 
from  the  same  animal,  such  as  in  L.  grandis,  fig.  6,  Trantula  fig.  10, 
Corydilis,  fig.  16. 

In  all  the  preparations  probably  the  more  granular  nuclei  are 
those  from  neuroblasts  and  a  few  of  the  clear  nuclei  may  be  of 
neurogolia  cells.  In  the  nerve  nuclei  of  a  young  salamander 
Desmognathus,  fig.  22,  the  chromatin  is  very  abtmdant  and  the  cells 
with  such  nuclei  are  capable  of  active  multiplication.  In  figs.  23 
and  24  from  muscle  and  connective  tissue  cells,  the  scanty  chro- 
matin would  be  insufficient  for  immediate  division.  Figs.  18  to 
21  are  from  another  salamander,  a  larval  Amblystoma.  Fig.  18 
from  the  retina  might  soon  have  more  chromatin  and  divide,  one 
of  the  epithelial  cell  nuclei  of  fig.  19  could  soon  divide  and  fig.  20 
from  the  blood  has  a  mass  of  chromatin  and  the  muscle  nucleus  of 
fig.  21,  is  not  near  division. 

No  more  than  a  general  idea  of  the  distribution  of  the  chro- 
matin in  the  nuclei  of  nerve  cells  can  be  learned  from  these  figures. 
A  general  type  of  nucleus  shows  fairly  well  in  all  but  the  smallest 
and  yotmgest  specimens.  The  type  is  that  usually  recognized  for 
the  nerve  cells  of  vertebrates,  that  is  a  large  rather  clear  nucleus 
with  a  nucleolus  which  is  also  rather  clear.  There  seems  to  be 
nothing  especially  peculiar  to  nerve  cell  nuclei  which  would  pre- 
vent the  cells  of  the  adult  from  receiving  a  stimulus  of  some  sort 
to  increase  the  chromatin  of  the  nucleus  and  allow  further  division 
of  the  cells. 

Whether  the  arrangement  of  the  chromatin  means  anything  or 
not  in  determining  the  nature  of  the  cells  cannot  be  told  from  these 
preparations,  but  I  do  not  doubt  that  this  as  well  as  any  particular 
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or  peculiar  arrangement  of  the  nuclear  parts  may  be  of  importance 
at  one  time  or  another  in  determining  the  nature  of  cytoplasmic 
manifestations. 

Zoological  Laboratory  of  Pomona  College, 
Claretnont,  California. 
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EXPLANATION  OF  FIGURES 

All  figures  drawn  by  the  aid  of  a  camera  lucida  by  means  of  an  oil 
immersion  objective.    All  enlarged  eight  hundred  diameters. 

Fig.    1.  Nerve  nuclei  from  the  starfish,    Orthasterias. 

Fig.    2.  Nerve  nuclei  from  the  starfish,  Piaster  capitatus. 

Fig.    3.  Nerve  nuclei  from  the  crustacean,  Nebalia. 

Fig.    4.  Nerve  nuclei  from  the  crustacean  isopod,  Lygida. 

Fig.    5.  Nerve  nuclei  from  the  crustacean  isopod,  Lygida  4nmL  long  young. 

Fig.    6.  Nerve  nuclei  from  the  crustacean  decapod,  Loxorhynchus  grandis. 

Fig.    7.  Nerve  nuclei  from  the  pycnogonid,  Lccythorhynchus  marginatus. 

Fig.    8.  Nerve  nuclei  from  the  whip-scorpion,  Tythreus  pentapeltis. 

Fig.    9.  Nerve  nuclei  from  the  pseudoscorpion,  Chelifer. 

Fig.  10.  Nerve  nuclei  from  the  tarantula  spider. 

Fig.  11.  Nerve  nuclei  from  the  thysanuran  insect,  Campodea. 

Fig.  12.  Nerve  nuclei  from  the  collembolan  insect,  Aphorura. 

Fig.  13.  Nerve  nuclei  from  the  collembolan  insect,  Podura. 

Fig.  14.  Nerve  nuclei  from  the  collembolan  insect,  Sminthurus. 

Fig.  15.  Nerve  nuclei  from  the  thysanuran  insect,  Machilis. 

Fig.  16.  Nerve  nuclei  from  the  larval  insect,  Corydalis. 

Fig.  17.  Nerve  nuclei  from  the  ascidian,  Tunica. 

Fig.  18.  Nucleus  from  one  of  the  retinal  cells  of  the  larval  salamander 

Amblystoma  15  mm.  long. 

Fig.  19.  Nuclei  from  epithelial  cells  of  larval  Amblystoma,  15  mm.  long. 

Fig.  20.  Nucleus  from  the  blood  of  a  15  mm.  larval  Amblystoma. 

Fig.  21.  Nucleus  from  the  muscle  of  a  15  mm.  larval  Amblystoma. 

Fig.  22.  Nuclei  from  brain  of  a  young  salamander,  Desmognathus. 

Fig.  23.  Nucleus  from  striated  muscle  from  young  Desmognathus. 

Fig.  24.  Nucleus  from  connective  tissue  from  young  Desmognathus. 
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DEPARTMENT  OF  NOTES,  REVIEWS,  ETC. 

It  is  the  purpose,  in  this  department,  to  present  from  time  to  time  brief  origins! 
ootes»  both  of  methods  of  work  and  of  results,  by  members  of  the  Society.  All 
nembers  are  iuTited  to  submit  such  items.  In  the  absence  of  tiiese  there  will  be  given  a 
few  brief  sbstrscts  of  recent  work  of  more  general  interest  to  students  and  teachers. 
There  win  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations,  and 
to  the  isolated  student  suggestions  of  suitable  fields  of  investigation. — [Editor.] 


NOTES  ON  THE  CULTURING  OF  MICROSCOPIC  ORGANISMS  FOR  THE 
ZOOLOGICAL  LABORATORY 

General, — ^The  culture  of  micro-organisms,  especially  the  Pro- 
tozoa, is  an  old  topic  among  biologists.  Leeuwenhoek  in  his  quaint 
language  records  not  only  the  finding  of  Protozoa  in  various  natural 
waters  but  also  in  infusions  of  pepper.  He  was  thus  the  first  to 
make  cultures  of  the  Protozoa.  Leeuwenhoek's  cultures  were  largely 
due  to  a  series  of  accidents  or  to  haphazard  experiments.  Many 
zoologists  of  today  use  this  haphazard  method  of  making  cultures. 
It  is  the  usual  practice  to  collect  a  mass  of  v^etable  material  from 
a  pond»  stream  or  other  body  of  water.  This  mass  is  placed  in 
almost  any  kind  of  a  dish,  and  left  in  strong  light  or  in  darkness, 
covered  or  uncovered  as  long  as  the  preparator  can  stand  the  odor. 
From  these  haphazard  methods  he  gets  some  surprising  results 
but  quite  frequently  not  at  the  time  when  wanted.  If  he  has  made 
these  cultures  with  some  particular  protozoan  in  mind,  he  is  quite 
likely  to  find  the  species  mixed  (if  he  finds  it  at  all)  with  several 
other  species.  When  through  using  these  cultures  or  when  they 
are  spent  he  throws  them  out  and  makes  more  in  the  same  haphazard 
fashion. 

These  have  been  and  are  yet  to  a  large  extent  the  methods  of 
cukuring  Protozoa  as  practiced  by  the  zoologist.  Bacteriologists, 
however,  have  developed  very  careful  methods  of  culturing  bacteria 
and  some  few  species  of  Protozoa.  They  make  use  of  media  con- 
taining known  and  measured  ingredients,  kept  under  controlled  con- 
ditions. The  response  of  the  organisms  to  particular  media  and 
to  particular  conditions  is  characteristic  and  the  habit  of  growth 
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is  an  aid  in  diagnosis  of  the  species  under  observation.  The  bacteri- 
ologist cannot  use  haphazard  methods  and  secure  results.  Botanists 
also  are  making  use  of  exact  methods  in  the  culturing  of  plant  organ- 
isms as  algae,  fungi  and  even  higher  green  plants.  The  use  of  exact 
methods  by  botanists  has  been  promoted  by  the  fact  that  many  of 
them  are  trained  in  bacteriological  methods  and  in  the  exact  methods 
of  plant  physiology.  Their  research  in  the  life  histories  and  in  the 
metabolism  of  lower  plants  has  demanded  the  use  of  exact  methods. 
The  zool(^^t,  too,  must  come  to  the  use  of  quantitative  methods 
in  the  culturing  of  many  of  the  lower  forms  of  laboratory  animals. 
He  is,  however,  more  or  less  dependent  on  the  bacteriologist  and 
the  botanist  to  show  him  the  methods  of  rearing  the  food  organisms 
for  his  Protozoa  or  his  worms.  The  zoologist  can,  indeed,  help 
himself  very  gresctiy  if  he  will  learn  to  use  the  cultural  methods  of 
the  bacteriologist  and  the  botanist.  It  is  not  enough  that  some 
zoologists  make  use  of  these  methods  but  having  worked  out  methods 
that  are  successful  they  should  by  early  publication  make  their  meth- 
ods available  to  others.  The  writer  has  no  sympathy  with  the  disin- 
clination of  some  workers  to  make  their  methods  known.  There  is 
a  real  need  among  amateur  zoologists,  teachers  and  investigators 
for  a  greater  knowledge  of  technical  methods  and  such  informa- 
tion ought  to  be  made  readily  available. 

Some  criticisms  of  the  old  methods  may  be  given  and  some 
suggestions  oflFered  concerning  food  supply,  dishes,  light,  inocula- 
tion and  culture  media. 

Food  Supply, — One  of  the  great  faults  of  the  old  methods  of 
culturing  micro-organisms  was  in  the  failure  to  maintain  a  stock  of 
food  materials  in  cultures  that  had  b^^n  to  yield.  When  the  culture 
was  made  it  was  heaped  high  with  food  materials  which  were  never 
replaced  as  they  became  exhausted  by  the  action  of  bacteria.  With 
depletion  of  the  organic  matter  the  crop  of  bacteria  or  of  unicellular 
algae  which  furnished  pasturage  for  many  of  the  Protozoa  rapidly 
diminished  in  numbers  and  the  Protozoa  decreased  to  the  vanishing 
point.  For  this  reason  it  has  been  the  custom  to  bring  in  cultures 
every  few  days  in  the  hopes  of  having  one  culture  ready  when 
wanted.  It  should  be  borne  in  mind  that  if  the  number  of  animals 
in  a  culture  is  to  be  maintained  their  food  supply  must  be  replen- 
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ished.  This  can  be  done  by  adding  hay,  manure  from  various 
sources  or  manure  solution,  or  other  v^etable  or  organic  material 
which  does  not  quickly  become  add  in  the  process  of  decay.  Rapid 
souring  of  culture  medium  is  fatal  to  most  Protozoa.  The  writer 
has  never  been  very  successful  in  growing  Protozoa  in  media  con- 
taining much  of  such  carbohydrates  as  occur  in  wheat. 

Culture  Dishes. — Even  the  kind  of  a  dish  in  which  the  culture 
is  maintained  is  of  importance.  The  best  dishes  are  shallow  and 
have  a  diameter  considerably  greater  than  their  depth.  Covered 
glass  dishes  ca  200  mm.  in  diameter  by  80  mm.  in  depth  and  known 
as  bacteria  dishes  or  culture  dishes  are  excellent  but  not  indispen- 
sable. The  writer  has  used  Stender  dishes  50  mm.  in  diameter  by 
30  mm.  in  depth  with  success  although  a  small  culture  is  more  diffi- 
cult to  maintain  than  a  larger  one.  Fruit  jars,  battery  jars  and 
even  aquarium  jars  are  satisfactory  if  the  liquid  of  the  culture  is 
not  too  deep.  Earthenware  jars  and  crocks  are  satisfactory  for 
forms  preferring  the  dark.    Keep  all  cultures  covered. 

Light — As  to  light,  diffuse  light  or  even  darkness  may  be  used 
for  most  forms  except  those  which  feed  on  a  green  or  blue-green 
plant  or  which  like  Euglena  need  light  for  photosynthesis.  Even  in 
these  cases  the  diffuse  light  and  more  even  temperature  of  a  north 
window  are  to  be  preferred  to  direct  sunlight  and  the  accompany- 
ing violent  fluctuations  of  temperature. 

Inoculation, — ^If  in  the  wild  cultures  the  desired  organisms 
appear  in  numbers  new  cultures  may  be  inoculated  with  a  small 
quantity  of  material  from  the  old  culture,  taking  precaution  to  add 
the  food  organism  also  and  to  avoid  contamination  with  other  organ- 
isms. Thus  one  may  become  reasonably  free  from  the  necessity 
of  frequent  trips  to  pond  or  stream  to  collect  v^etation  for  cul- 
tures. The  culturist  should  study  the  food  habits  of  the  organism 
and  strive  in  preparing  the  new  culture  to  provide  the  proper  medium 
for  the  development  of  the  food  organism  and  then  he  must  pro- 
vide proper  conditions  of  light,  temperature  and  gaseous  exchange. 
If  by  observation  or  experiment  he  can  determine  the  ingredients 
to  be  used  in  his  culture  and  the  conditions  for  the  growth  of  the 
food  organisms  he  should  be  able  to  maintain  cultures  almost 
indefinitely. 
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Culture  Media. — ^Various  culture  media  have  been  suggested  for 
general  and  special  Protozoa  cultures.  The  writer  has  confined  his 
efforts  to  a  few  media.  One  of  the  most  successful  of  these  for 
general  cultures  is  made  of  sterile  hay  and  filtered  tap-water.  To 
prepare  this  medium  timothy  hay  is  made  into  small  compact  bun- 
dles which  are  tightly  wrapped  in  several  layers  of  cheese  clodi. 
The  bundles  are  sterilized  once  in  a  steam  autoclave  at  15  to  17  lbs. 
pressure  for  15  minutes  or  more,  then  dried  over  a  steam  radiator 
or  in  a  drying  oven.  This  sterilization  is  not  intended  to  kill  bac- 
teria or  spores  of  fungi  but  to  kill  encysted  Protozoa  if  any  be 
present  The  tap-water  is  filtered  through  a  paper  filter,  preferably 
into  sterile  dishes.  The  idea  here  is  to  free  the  water  of  any  Pro- 
tozoa which  are  always  present  in  tap-water  of  this  city  but  not 
necessarily  to  get  rid  of  the  bacteria.  Ten  grams  of  the  sterile  hay 
to  two  liters  of  filtered  tap-water  makes  a  very  satisfactory  medium 
for  many  kinds  of  Protozoa.  These  proportions,  however,  can  be 
varied  considerably.  When  a  culture  has  been  started  in  this  medium 
by  inoculation  from  a  previous  culture  it  may  be  maintained  by  the 
addition  of  one  or  two  grams  of  sterile  hay  per  week  and  as  much 
filtered  water  as  is  necessary  to  maintain  the  original  level  of  liquid. 

Boiled  hay  solution  has  been  tried  repeatedly  and  has  never 
given  good  results,  apparently  because  of  the  development  of  toxic 
substances.  It  usually  soon  acquires  an  odor  somewhat  resembling 
butyric  acid  and  when  in  this  condition  if  Paramecia  are  placed  in 
it  they  die  in  a  very  few  minutes. 

Manure  solution  made  by  boiling  fresh  horse  or  cow  manure 
or  human  feces  in  tap-water  and  diluting  with  filtered  tap-water 
has  given  excellent  results  in  culturing  Euglena  and  some  unicellular 
green  algae  as  Scenedesmus.  Any  of  these  may  serve  as  food  organ- 
isms for  some  of  the  Protozoa.  Unfortunately  the  proportions  in 
which  the  manure  solutions  were  made  have  not  been  kept  It  has, 
however,  been  the  experience  of  the  writer  that  the  proportions 
may  be  widely  varied.  Manure  solutions  may  be  added  to  the  hay 
cultures  with  beneficial  results. 

The  writer  has  found  the  filtered  tap-water  superior  to  rain- 
water which  is  lacking  in  many  of  the  salts  necessary  for  most 
organisms.    Distilled  water  has  never  been  used  because  it  has  been 
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simpkr  to  use  the  filtered  tap-water  than  to  add  salts  in  the  proper 
proportions  to  the  distilled  water.  Boiled  tap-water  is  inferior  to 
filtered  tap-water  probably  because  boiling  precipitates  a  large  pro- 
portion of  the  salts  and  drives  off  the  oxygen  and  carbon  dioxide. 
In  the  event  that  the  tap-water  has  been  treated  with  chlorine  it 
may  be  necessary  to  use  filtered  pond  or  stream  water  or  spring 
water. 

Culture  of  Ammba. — Two  of  the  writer's  students,  Miss 
Knisely  and  Mr.  Welch,  have  worked  out  methods  of  culturing 
ameba  on  solid  media.  The  results  of  this  work  were  published  in 
in  these  Transactions,  voL  34,  pp.  21-25. 

The  writer's  work  in  culturing  ameba  has  been  incidental  to 
the  securing  of  materials  for  class  use  and  some  of  the  results 
attained  have  been  more  or  less  accidental.  Ameba  cultures  have 
been  secured  in  many  ways  of  which  only  a  few  are  related. 

During  the  summer  of  1916  small  amebae,  probably  soil  amebae, 
occurred  in  great  abundance  in  a  culture  made  from  unwashed  rad- 
ishes puller*  from  a  damp  garden.  No  efforts  were  made  to  main- 
tain the  culture  and  the  amebae  soon  disappeared. 

On  Aug.  29,  1916,  some  lily-pads  and  pond  water  were  taken 
from  First  Sister  Lake,  near  Ann  Arbor.  This  culture  yielded 
among  other  Protozoa  a  fair  number  of  large  amebae.    On  Dec.  29, 

1916,  a  sterile-hay-filtered-tap-water  culture  was  made  up  in  a  bac- 
teria dish  and  some  scum  from  the  preceding  culture  was  added. 
In  this  culture  a  slender  diatom  and  the  ameba  established  them- 
selves and  have  thriven  to  date.  This  ameba  is  a  large  rounded 
sluggish  form  measuring  nearly  100  microns  in  extreme  dimension. 
Its  surface  is  wrinkled.  It  puts  forth  few  pseudopodia,  has  a  thick 
hyaline  ectosarc,  finely  granular  entosarc,  large  contractile  vacuole, 
and  a  well-defined  ellipsoidal  nucleus  within  a  wider  clear  area. 
Specimens  have  usually  been  very  numerous  in  this  culture  and 
since  there  have  been  very  few  other  organisms  present  it  has  been 
excellent  for  student  use.  To  this  culture  were  added  at  intervals 
of  one  to  several  weeks  a  few  grams  of  sterile  hay  until  June  21, 

1917.  At  this  time  the  culture  was  in  good  condition.  The  diatoms 
were  very  numerous  on  the  bottom  of  the  dish  where  the  sluggish 
amebae  were  abundant.    There  were  also  many  more  active  amebae 


Digitized  by  VjOOQIC 


168  AMERICAN    MICROSCOPICAL  SOCIETY 

resembling  A.  proteus.  From  June  21  until  Aug.  30  no  hay  was 
added  to  this  culture  and  it  was  not  examined  meanwhile.  On  the 
latter  date  amebae  of  the  above  mentioned  kinds  were  fotmd  but 
not  abundantly.  About  2  grams  of  hay  were  added  Aug.  30  and  on 
Sept.  19  both  kinds  of  amebae  were  quite  abtmdant. 

On  Jan.  9,  1917,  a  subculture  in  a  sterile-hay-tap-water  medium 
was  made  from  the  culture  above  mentioned.  For  a  long  time  it 
yielded  amebae  altho  less  abundantly  than  the  parent  colony,  but  on 
June  21  it  was  producing  quantities  of  diatoms  upon  which  laige 
numbers  of  the  sluggish  ameba  were  feeding.  This  culture  had 
more  hay  than  the  parent  culture.  It  was  uncared  for  from  June 
21  until  Aug.  30  when  a  few  amebae  were  found.  Hay  was  added 
Aug.  30  and  on  Sept  19  the  amebae  were  more  abundant. 

The  above  cultures  have  always  been  kept  near  a  north  window 
in  diffuse  light  and  have  always  been  kept  covered  with  a  glass 
plate.  Recent  comparison  of  these  amebae  with  amebae  secured  on 
Sept.  12,  1917,  from  the  original  source  of  these  cultures  shows 
that  they  have  not  changed  in  form  or  size. 

Culture  of  Euglena. — Euglena  occurs  most  abundantly  in  foul 
waters  and  is  well  known  as  an  inhabitant  of  sewage-polluted  waters. 
Euglena  cultures  have  been  maintained  in  luxuriance  with  almost  no 
attention  on  the  sterile-hay-filtered-tap-water  medium  for  more  than 
a  year  in  the  diffuse  light  of  a  north  window.  They  also  have  been 
transplanted  into  manure  solutions  where  they  have  produced  a  dense 
green  scum  over  the  surface  of  the  water  and  down  the  sides  of 
the  jar  and  as  far  above  the  water  on  the  sides  of  the  jar  as  the 
film  of  moisture  extended.  After  a  time  large  numbers  of  these 
Euglenae  become  encysted.  It  has  been  found  by  Dr.  A.  F.  ShuU 
of  our  laboratory  that  such  Euglenae  soon  emerge  from  the  cyst 
if  placed  in  a  fresh  manure  solution.  Thus  the  providing  of  Euglena 
for  class  use  which  formerly  was  the  bugbear  of  the  general  zoology 
course  is  now  a  very  simple  matter. 

Culture  of  Tetrastemma. — ^A  fresh  water  nemertean  worm 
which  resembles  Tetrastemma  and  has  provisionally  been  assigned 
to  that  genus  has  appeared  in  cultures  taken  from  First  Sister  Lake, 
near  Ann  Arbor,  on  July  12,  1916.  Until  September,  1916,  this 
culture  was  maintained  in  a  covered  pint  fruit  jar,  then  was  put  in 
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a  bacteria  dish  with  filtered  tap-water  and  some  sterile  hay.  Tetra- 
stemtna  was  first  noted  in  November.  The  culture  was  maintained 
by  adding  a  few  grams  of  sterile  hay  at  intervals  of  one  or  more 
weeks.  During  most  of  the  winter  this  organism  was  abundant. 
On  March  23,  1917,  this  worm  was  present  in  large  numbers,  but 
by  Jime  21  its  numbers  were  greatly  reduced.  On  Aug.  30  a  single 
specimen  was  found  in  a  subculture. 

Culture  of  Pristina. — In  the  culture  in  which  Tetrastemma 
appeared  and  at  the  same  time  the  oligochaete  worm,  Pristina  sp. 
appeared  and  was  maintained  in  considerable  abundance  until  late 
February  and  although  on  March  23  it  was  on  the  decline  it  was  still 
present  in  cultures  on  Jime  21.  Subcultures  were  made  from  time 
to  time  during  the  winter  in  which  this  worm  thrived.  The  species 
has  disappeared  in  these  cultures  during  the  summer.  The  cultures 
of  Tetrastemma  and  of  Pristina  were  maintained  just  as  Paramecium 
cultures  were  maintained.  In  fact  during  the  greater  part  of  the 
time  Paramecia  were  very  numerous  in  all  the  cultures  of  these 
worms. 

University  of  Michigan,  George  R.  LaRue. 

Ann  Arbor,  Mich, 

EFFECTS  OF  THYROID  ON  PARAMECIUM 

Shumway  (J.  Exp.  2^1.,  Apr.,  1917)  cites  a  number  of  inter- 
esting results  from  culturing  Paramecium  in  emulsions  and  suspen- 
sions of  thyroid.  Among  these  are, — that  the  division  rate  is  in- 
creased 65%  over  the  controls;  that  this  acceleration  of  rate  is 
greatest  at  the  time  when  the  controls  themselves  are  dividing  most 
rapidly,  and  hence  the  curves  show  the  same  general  rhythms  as 
those  of  the  controls;  that  the  number  of  contractile  vacuoles 
increases  from  two  to  three,  indicating  a  disturbance  of  the  excre- 
tory function ;  that  large  vocuolation  takes  place  in  the  protoplasm, 
which  is  believed  to  have  an  excretory  significance,  altho  the  vacuoles 
do  not  pulsate.  They  were  often  observed  to  burst,  freeing  their 
contents  internally. 
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Of  all  the  hormone-secreting  glands  the  thyroid  is  the  only  one 
to  produce  the  above  results.  Boiling  does  not  destroy  the  activity 
of  the  material.    Iodine  and  iodothyrin  do  not  produce  it 

When  the  treatment  is  discontinued  the  strain  of  Paramecium 
reverts  to  the  division  rate  of  the  controls.  The  other  mutations 
brought  about  by  the  feeding  do  not  seem  to  persist. 

ARE  CONJUGATION  AND  ENCYSTMENT  NECESSARY? 

Mast  (J.  Exp.  2^1.,  July,  1917)  concludes  that  neither  conju- 
gation nor  encystment  is  necessary  for  the  continued  existence  of 
Didinium.  By  starting  new  groups  of  lines  from  old  ones  both 
near  and  remote  from  encystment  and  propagating  these  in  parallel 
series,  it  seems  that  these  data  have  no  constant  or  appreciable 
effect  on  fission  rate,  or  on  variations  in  this  rate.  In  these  experi- 
ments a  group  was  carried  an  average  of  1646  generations  without 
encystment.  In  one  group  of  lines,  721  generations  after  conju- 
gation and  196  generations  after  encystment,  a  mutation  suddenly 
appeared  in  which  the  rate  of  division  for  315  days  was  more  rapid 
than  the  slower  lines  in  the  ratio  of  836  generations  to  634. 

EXTRA  CONTRACTILE  VACUOLES  IN  PARAMECIUM 

Hance  (J.  Exp.  Zool.,  July,  1917)  gives  the  account  of  the 
origin  of  a  race  of  Paramecium  with  supernumerary  vacuoles,  appar- 
ently arising  thru  subjection  to  temperatures  higher  than  usual.  The 
race  was  unusually  strong,  large,  and  resistant  to  extreme  conditions. 
The  extra  vacuoles,  ranging  as  high  as  five,  usually  occurred  in 
the  posterior  end  of  the  cell.  They  may  increase  during  the  vege- 
tative life  of  the  individual ;  and  the  number  is  modified  by  the  rate 
of  division,  the  age  of  the  culture  medium,  and  the  presence  of  kata- 
boHc  products  in  the  environment.  The  author  holds  that  the  "poten- 
tiality for  this  organ  has  not  been  lost,  tho  the  extra  vacuoles  may 
not  actually  appear  for  several  generations." 

PRESERVING  FISH    WITHOUT   ICE 

Sherman's  Fish  Sterilizing  Co.  owns  a  process  for  preserving 
fish  without  ice  (Pacific  Fisherman,  July,  1917)  which  is  claimed 
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to  keep  the  fish  fresh  and  firm  with  all  the  original  flavor  for  a  fort- 
night or  longer.  The  process  takes  about  3  hours.  The  fish  are 
first  put  in  a  cooling  tank  filled  with  water  and  brought  to  a  low 
temperature,  where  they  are  left  for  one-half  hour.  It  is  next  placed 
in  a  tank  of  cold  sea  water  or  fresh  water  strengthened  with  salt. 
In  order  to  prevent  freezing  in  the  brine  the  solution  is  kept  agi- 
tated by  pumping. '  It  is  claimed  that  the  low  temperature  salt  solu- 
tion closes  up  the  surface  pores,  preventing  saturation  and  also 
acting  as  an  antiseptic  protection  on  the  outside. 

It  is  claimed  that  the  process  is  cheap  in  installation  and  opera- 
tion and  will  enable  the  small  producer  to  get  his  catch  on  the  market 
in  good  condition,  thus  aiding  increased  production  and  safe  mar- 
keting. 

CYTOLOGICAL  CHANGES  ACCOMPANYING  DESICCATION  IN   ROTIFERS 

Hickernell  (Biol.  Bui.  June,  1917)  gives  a  most  interesting 
account  of  the  desiccation  changes  in  the  rotifer  Philodina  roseola, 
with  special  reference  to  cell  behavior.  Attention  is  called  to  the 
fact  that  rotifers  are  resistant  not  merely  to  drying.  They  are  rcsist- 
ent  to  great  cold  (even  —  40®  F  docs  not  kill  them),  to  great  heat, 
to  strong  brine,  or  to  rapid  changes  from  one  to  another  of  these 
unfavorable  conditions.  Murray  has  summarized  this  hardiness 
thus:  ''Such  is  the  vitality  of  these  little  animals  [certain  south 
polar  Bdelloids]  that  they  can  endure  being  taken  from  ice  at  a  minus 
temperature,  thawed,  dried,  and  subjected  to  a  temperature  not 
very  far  short  of  the  boiling  point,  all  within  a  few  hours." 

The  structural  changes  in  Philodina  during  desiccation  are 
summarized  as  follows:  The  animal  as  a  whole  contracts  into  a 
form  similar  to  that  of  extreme  contraction  in  life;  no  special  pro- 
tecting membrane  is  formed, — contrary  to  the  common  view;  the 
tissues  and  cells  maintain  their  identity  during  the  drying  process ; 
the  cytoplasm  becomes  more  dense,  and  the  chromatic  part  of  the 
nucleus  changes  from  a  single  large  karyosome,  separated  from  a 
distinct  nuclear  membrane  by  a  clear  space,  to  chromatic  network  at 
the  periphery  with  the  clear  space  internal. 
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The  author  beKeves  that  some  metabolism  goes  on  during  the 
dry  condition.  The  evidence  for  this  lies  in  the  fact  that  food  gran* 
ules  in  intestinal  cells  disappear  during  desiccation  in  a  manner 
similar  to  that  seen  in  starving  specimens. 

It  is  suggested  that  the  movement  of  the  chromatin  to  the  peri- 
phery of  the  nucleus  during  desiccation  facilitates  cell  oxidations 
during  the  period.  Their  change  in  position  takes  place  at  the  very 
banning  of  the  drjring  process.  On  recovery  from  desiccation  the 
changes  are  the  reverse  of  those  described  above. 

The  acceleration  of  reproductive  activity  often  noted  in  rotifers 
soon  after  recovering  from  drying  is  credited  to  an  increase  in 
ovarian  nuclei  that  occurs  during  the  period  of  recovery.  When 
death  results  from  desiccation  any  of  the  following  causes  may  oper- 
ate:— ^mechanical  injury  due  to  too  rapid  drying;  starvation  due 
from  a  lack  of  reserve  food  material ;  poisonous  effects  of  metabolic 
products ;  insufficient  time  during  early  drying  to  allow  the  nucleo- 
cytoplasmic  reorganization. 

THE   FUNDUS  OCULI  OF  BIRDS 

In  a  most  attractive  atlas  Dr.  Wood  has  presented  the  results 
of  his  studies  upon  representatives  of  all  the  leading  orders  of  birds, 
including  more  than  100  species.  He  rightly  takes  the  view  that  a 
group  of  animals  with  such  highly  developed  and  varied  vision  as 
birds  offers  a  most  fruitful  field  for  the  study  of  all  the  elements 
entering  into  the  structure  and  activity  of  the  eyes. 

His  method  provides  for  study  with  the  self-ltuninous  ophthal- 
moscope, macroscopic  examination  of  excised  eyes,  and  microscopic 
examination  of  special  portions.  Owing  to  the  fact  that  the  mydri- 
atics usually  used  for  man  have  little  or  no  direct  effect  on  the 
sphincter  iris  musculature  of  the  bird,  it  was  found  necessary  to 
secure  dilation  by  the  use  of  such  agents  as  galvanism,  nicotine, 
curare,  and  of  drugs  that  render  the  bird  unconscious  without  actu- 
ally killing  it.  It  was  also  found  that  maximum  dilation  is  to  be 
had  a  few  moments  before  and  after  the  death  of  birds,  where  these 
are  being  killed  for  detailed  studies  of  eye-structure. 
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The  evidences  are  abundantly  manifest  of  dose  and  effective 
oooperaticm  between  the  author  and  the  artist,  Mr.  Arthur  Head  of 
Lcmdcm,  in  the  remarkable  series  of  colored  plates  of  some  58 
species  of  birds  and  3  species  of  reptiles,  not  to  mention  more  than 
100  Mack  and  white  drawii^. 

The  chief  variable  features  of  the  fundus  oculi  capable  of  study 
by  their  combination  of  methods  are: — the  color  and  form  of  the 
internal  background ;  the  shape,  size,  and  degree  of  development  of 
die  pecten ;  the  optic  nerve  entrance ;  the  choroidal  and  retinal  blood 
vessels ;  the  details  of  distribution  of  the  retinal  elements,  including 
the  opaque  nerve  fibres;  the  shape  and  size  of  the  optic  discs  or 
areas  of  acute  vision. 

Some  of  the  outstanding  conclusions  of  the  author  are : — 

1.  Such  examination  of  the  fundus  as  has  been  indicated  fur- 
nish very  different  and  characteristic  fundus  pictures  for  different 
groups  of  birds;  sufficiently  so  in  many  cases  for  the  immediate 
recognition  of  the  species.  These  fundus  pictures  will  rank  with 
other  taxonomic  indicia  in  classification.  Th^  author  is  able  to  sug- 
gest certain  broad  classifications  of  fundi. 

2.  There  is  great  variety  among  birds  in  respect  to  the  size, 
shape,  and  position  of  the  areas  of  distinct  vision.  This  localization 
corresponds  strikingly  with  the  habitats  and  habits  of  the  birds, — 
especially  to  manner  of  getting  food,  escape  from  enemies,  migra- 
tion, reproduction,  etc. 

3.  Domestication  or  prolonged  captivity  seems  to  bring  changes 
in  the  eye  of  birds.  These  abnormalities  include  choroidal  diseases, 
opaqueness  of  media,  less  constancy  in  many  of  the  variable  ele- 
ments of  the  ftmdus. 

4.  Study  of  the  fundus  of  birds  in  comparison  with  those  of 
other  vertebrates  may  be  expected  to  throw  light  upon  the  origin 
and  kinship  of  the  group. 

The  chapters  are: — 1.  Introduction;  2.  Summary  of  Conclu- 
sions; 3.  Collection,  Selection,  and  Preparation  of  Material;  4. 
Review  of  Anatomy  and  Physiology  of  the  Fundus  Organs ;  5.  Oph- 
thalmoscopy; 6.  Ophthalmoscopy  of  the  Fundus  in  Living  Birds; 
7.  Macroscopic  Appearances;  8.  Effects  of  Domestication  on  the 
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Fundus  Oculi ;  9.  Appearance  of  the  Fundus  Oculi  in  Various  Orders 
of  Birds;  10.  Classification  of  Ocular  Fundi;  11.  Ocular  Fundus 
in  Relaticm  to  Classification  of  Aves ;  12.  Relation  of  Reptilian  to 
Avian  Fundi ;  13.  Atlas  of  Colored  Plates  of  Fundus  Oculi  in  Birds. 
The  mechanical  and  artistic  qualities  of  the  book  are  of  the 
first  rank.  It  is  an  ungracious  thing  to  refer  to  small  matters  of 
incompleteness  where  the  laiger  things  are  so  painstakingly  and 
admirably  cared  for.  There  is,  however,  incompleteness  and  lack 
of  uniformity  in  the  use  of  subdivision  headings  and  numerals  in 
Chapter  VI  particularly,  and  a  lack  of  correspondence  between  these 
and  the  table  of  contents. 

Th4  Fundmi  OcuU  pf  Birds,  Bspseialh  "  Vitwed  by  iht  Opkikalmcseops,  hf  Casej 
Albert  Wood.     Ilhistrmted  by  145  text  drawings,  and  61  colored  plates.     The 
Press,  Chicago,  1917.    Price  $15. 
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Beloit,  Wisconsin. 


Digitized  by  VjOOQIC 


TRANSACTIONS 

OF  THE 

American  Microscopical 

Society 

OiGAinziD  1878         Iroovobatd  1891 


PUBLISHED  QUARTERLY 

BY  TBI  80CISTY 


UnnD  BY  THB  8KXITABT 


VOLUME  XXXVI 
/  Number  Four 


Eatercd  m  Sccond-cUn  Matter  December  13,  1910,  at  the  Poet*oflke  at  Decatv. 
fifioois,   tmder  act  of  March  3,  1879. 


Decatub,  III. 

Review  Printing  &  Stationbby  Ca 

1917 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


OFFICERS 

PnMen*:    II.  F.  GuYOt ^ Madison,  V^^ 

Pwsi  Vict  Prtsidfni:    T.  L.  HAKKiNSOif CharlestOD,  IlL 

Second  Vice  Presidtfti:    L.  £.  Guffin Pittsburg,  Pa. 

Sgcrefary:    T.  W.  Galloway Beloit,  Wis. 

Treasurer:    H.  J.  VanCliavb Urbana,  IH 

Cnstodum:    Magnus  Pflaum Meadville,  Pa. 


ELECTIVE  MEMBERS  OF  THE  EXECUTIVE  COMMITTEE 

Geokgb  R.  LaRui Ann  Aibor,  Mich. 

H.  S.  Bbodi Walla  Walla,  Wash. 


EX-OFFICIO  MEMBERS  OF  THE  EXECUTIVE  COMMITTEE 

Past  Presidents  Still  Retaining  Membership  in  Society 

ALBDtT  McCalla,  Ph.D.,  F.  R.  M.  S.,  of  Chicago,  IlL  ^.  „,    ,^, 

at  Chicago,  IlL,  1883 

Gia  E.  Fnx,  M.D.,  F.ILM.S.,  of  Buffalo,  N.  Y., 

at  Detroit,  Mich.,  1890 
SiMOV  HiNBY  Gagb,  B.S.,  of  Ithaca,  N.  Y., 

at  Ithaca,  N.  Y.,  1895  and  1906 
A  CuFFOBD  MntcEK,  M.D.,  F.R.M.S.,  of  Syracuse,  N.  Y., 

at  Pittsburg,  Pa.,  1895 
A.  M.  Bleilb,  M.D.,  of  Columbns,  Ohio, 

at  New  York  City,  1900 
C  H.  Ei<3NMANN,  Ph.D.,  of  Bloomington,  Ind., 

at  Denver,  Colo.,  1901 
E.  A.  Bnci,  LL.D.,  of  Madison,  Wis. 


HuntY  B.  Wabd,  A.M.,  Ph.D.,  of  Urbana,  IIU 
HiaBEKT  OsBOBK,  M.S.,  of  Columbus,  Ohio, 
A.  E.  HntTZLBB,  M.D.,  of  Kansas  City,  Mo., 
F.  D.  Heald,  Ph.D.,  of  Philadelphia,  Pa., 
Chables  Bbookover^  Ph.  D.,  of  Louisville,  Ky. 
Cbablis  A.  KoPon>^  Ph.D.,  of  Berkeley,  Calif., 


at  Winona  Lake,  Ind.,  1903 

at  Sandusky,  Ohio,  1905 

at  Minneapolis,  Minn.,  1910 

at  Washington,  D.  C,  1911 

at  Qeveland,  Ohio,  1912 

at  Philadelphia,  Pa.,  1914 

at  Columbus,  Ohio,  1915 


The  Society  does  not  hold  itself  responsible  for  the  opinions  expressed 
by  members  in  its  published  Transactions  unless  endorsed  by  special  vote. 


Digitized  by  VjOOQIC 


TABLE  OF  CONTENTS 

FOR   VOLUME    XXXVI^   KUMBBE  4,   OCTOBER,  1917 

Synopsis  of  the  Blue-Green  Algae— Myxophyce«,  with  Plates  XVII— XXIX, 
79  Figures,  by  Josephine  E.  Tilden 179 

Notes  and  Reviews:  Technical  Methods,  with  Plate  XXX,  by  H.  E.  Met- 
calf ;  Further  Notes  on  Rearing  Volvox,  George  R.  LaRue ;  Pyridine  Sil- 
ver for  Bone  Sections,  by  Dr.  J.  S.  Foote;  Entomological  Notes,  by  Paul 
S.  Welch;  Photomicrographs  in  Color;  a  Short  Method  of  Preparing  His- 
tological Material,  by  H.  R.  Eggleston ;  Organic  Evolution  (Lull)  ;  Origin 
and  Evolution  of  Life  (Osbom) ;  The  Microscope  (Gage). 

Necrology  267 

Index  285 


Notice  to  Members 

The  Annual  Business  Meeting  of  the  American  Microscopical 
Society  for  1917,  will  occur  in  affiliation  with  the  A.  A.  A.  S.  at 
Pittsburg,  Pa.,  during  Convocation  Week,  as  follows : 

Friday,  Dec.  28, 12:30,  Executive  Committee  will  lunch  together 

at  the  Hotel  Schenley. 
Saturday,  Dec,  2p,  12:1$  P,  M,,  the  Business  Meeting  will  occur 
in  Room  304  Applied  Industries  Building,  following  meet- 
ing of  Ecological  Society  of  America. 
All  members  present  at  the  Pittsburg  meeting  are  requested  to 
participate. 

T.  W.  Galloway, 
Secretary-Editor, 

(This  Number  was  issued  on  December  18, 1917.) 
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SUMMARIES  IN  MICROBIOLOGY 

The  Secretary  hu  been  seeking  to  secure  for  this  Journal  and  its  Department  of 
Summaries,  a  series  of  papers  from  biologists  dealing  with  the  chief  groups  of  microscopic 
plants  and  animals.  It  nas  not  been  the  purpose  to  present  a  complete  survey  of  any  of  the 
groups.  The  wish  has  been  rather  to  bring  together  in  one  article  a  statement  of  the  fol* 
lowizig  things:— -general  biology,  the  method  of  finding,  the  methods  of  capture  and  of  keep- 
ing afive  and  cultivating  in  the  laboratory:  how  best  to  study;  the  general  technic;  the  most 
accessible  literature;  and  a  brief  outline  of  the  classification,  with  keys  for  the  identification 
of  at  least  the  more  representative  genera  and  species  of  the  micro-organisms  likely  to  be 
found  by  the  beginning  students  in  the  United  States. 

It  has  been  felt  that  the  getting  together  of  such  data  as  this,  while  not  a  contribution 
to  acfence.  would  be  a  contribution  especially  to  isolated  workers  and  to  teachers  and  stu- 
dents in  the  high  schools  and  smaller  colleges. 

Papers  have  already  appeared  treating  the  aquatic  Oligochetes,  the  Melanconiales,  the 
Rusts,  the  Black  Moulds,  the  Powdery  Mildews,  tne  Cephaline  Gregarines,  the  Conju|r>^te 
Algae,  and  ^e  Free-swimming,  Fresh-water  Entomostraca.  The  following  is  the  ninth 
paper  of  the  series.  It  is  proposed  to  have  such  synopses  from  time  to  time  until  the 
more  common  American  mdes  of  such  sroups  as  the  following  have  been  covered:  The 
non-conjugating  Green  Algae,  Downy  Mildews,  Yeasts,  other  Hvphomycetes,  Smuts, 
RMsopods,  Infusoria,  Turbellaria,  Bryozoa,  Water  Mitcs»  etc.     [EditorJ 


SYNOPSIS  OF  THE  BLUE-GREEN  ALGiE 

— MYXOPHYCEiE 

By  Josephine  E.  Tilden 

The  Myxophyceae  (Cyanophyceae,  Schizophyceae)  in  structure 

and  function  arc  the  simplest  and  most  primitive  of  Algae.    They 

are  deserving  of  study  for  several  reasons.    In  some  ways  at  least 

they  appear  to  be  somewhat  closely  related  to  the  Bacteria.    Having 

the  advantage  of  larger  size  and  more  definite  structure  their  life 

histories  and  habitats  are  of  interest  to  students  of  bacteriology  and 

medicine.    They  are  of  economic  importance  in  connection  with  the 

problem  of  pure  water  supplies  for  cities.    Geologists  now  consider 

that  large  existing  deposits  of  marl,  travertine  and  silicious  sinter  are 

the  result  of  the  work  of  these  minute  plants.    To  students  and 
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teachers  of  botany  the  study  of  the  bjue-green  algae  forms  a  useful 
introduction  to  the  higher  forms. 

Collecting  Blue-green  Algae 

The  common  Blue-green  algae  are  to  be  searched  for  in  ponds, 
in  small  pools  on  swampy  ground  or  along  roadsides,  on  moist  and 
dripping  rocks,  at  the  edges  of  lakes  and  rivers.  Along  the  seashore 
they  will  be  found  in  tide-pools,  on  rocks,  and  clothing  the  fronds 
of  larger  algae.  Some  of  these  algae  are  able  to  live  in  hot  waters 
and  a  study  of  the  v^etation  of  hot  springs  and  ge3rsers  forms  an 
interesting  problem. 

It  is  usually  not  difficult  to  find  sufficient  material  for  class  use 
even  in  the  winter  months,  in  springs,  on  dripping  rocks,  or  at  any 
rate  in  tanks  and  vessels  in  green  houses.  It  is,  however,  easier  to 
preserve  specimens  when  they  are  found  in  abundance  and  so  have 
them  on  hand  when  needed.  To  collect  them  one  needs  some  wide- 
mouthed  vials,  a  knife  or  scalpel  for  scraping  damp  boards  and  rocks, 
a  spoon  for  dipping  minute  floating  forms  from  the  water.  If  one 
desires  to  preserve  the  specimens  for  future  microscopic  work,  they 
should  be  immediately  placed  in  vials  containing  a  2  or  3  per  cent 
formaline  solution.  A  descriptive  label  should  be  inserted  in  each 
vial,  containing  date  of  collection  and  notes  on  habitat,  color,  form, 
locality,  etc.  On  the  other  hand,  specimens  designed  to  be  kept  alive 
in  the  laboratory  for  class  work  should  be  transferred  as  soon  as  pos- 
sible from  the  collecting  vials  to  broad  glass  tanks  or  jars  which 
should  stand  in  or  near  a  north  window  where  they  will  not  receive 
too  much  sunlight.    It  is  well  to  cover  these  jars  with  glass  plates. 

If  one  desires  to  determine  the  species  of  these  algae  it  is  nec- 
essary to  possess  an  eyepiece  micrometer  or  a  micrometer  disc 
(which  fits  inside  standard  eyepieces). 

Structure 

During  the  last  few  years  a  number  of  investigators  have  given 
their  attention  to  determining  the  nature  of  the  protoplast  of  the 
Blue-green  algae.  The  majority  of  them  now  consider  that  there  is 
a  definite  cell  wall,  an  "incipient  nucleus,"  cytoplasm,  and  three  main 
pigments. 
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The  cells  in  this  group  consist  of  a  protoplasmic  mass  sur- 
rounded by  a  wall  or  membrane  and  containing  a  single  ''incipient 
nucleus/'  Protoplasmic  connections  between  cells  have  been  dem- 
onstrated in  certain  cases.  In  an  actively  growing  condition  the 
protoplasm  fills  the  cell.  In  long  continued  dryness  it  contracts  away 
from  the  wall.  Young  growing  cells  contain  many  granules,  but 
when  older  their  contents  become  homogeneous.  The  cytoplasm  con- 
tains chlorophyU,  phycocyanin,  and  carotin  (pigments),  several  kinds 
of  granules,  a  slime  substance,  vacuoles,  oil-drops,  glycc^en  and 
st^ar.  Probably  sugar  is  the  first  product  of  photosynthesis.  The 
sugar  is  changed  into  glycogen  as  a  carbohydrate  reserve.  Starch  is 
not  found  in  the  Blue-green  algse.  The  cyanophycin  granules  are  a 
product  of  assimilaticm  and  represent  reserve  albumen. 

True  chromatophores  are  not  present.  The  g^een  chlorophyll 
combined  with  the  bluish  phycocyanin  give  the  characteristic  Wue- 
gpreen  color  to  the  cells  of  these  plants.  Red  or  pink  tints  are  due 
to  the  predominance  of  carotin.  The  chlorophyll  and  carotin  appear 
to  exist  in  the  form  of  very  minute  granules,  while  the  phycocjranin 
occurs  in  a  diffuse  state.  To  the  age  of  the  cell  and  the  color  of  the 
sheath  is  due  the  difference  in  the  color  of  the  protoplasm  in  different 
parts  of  the  same  plant.  It  is  generally  more  greenish  in  young  parts 
which  are  covered  by  a  colorless  sheath,  while  in  older  ones  it  is  olive 
or  yellowish-green.  Sometimes  the  terminal  cells  of  a  trichome,  in 
crertain  genera,  show  a  rose-colored  tint. 

By  the  use  of  various  stains  it  has  been  found  that  each  cell  con- 
tains a  single  nucleus,  the  so-called  "central  body."  It  is  much  sim- 
pler than  the  nucleus  of  other  plants,  since  it  possesses  neither  a 
nucleolus  nor  a  nuclear  membrane,  and  the  best  descriptive  term  now 
in  use  seems  to  be  "incipient  nucleus."  The  resting  nucleus  consists 
of  a  slightly  staining  ground  mass  in  which  numerous  granules  lie 
imbedded.  These  granules  are  not  true  chromatin  but  nothing  much 
so  far  is  known  about  them.  During  cell  division  the  incipient  nuc- 
leus seems  to  divide  without  mitosis.  It  constricts  and  the  new  cell- 
wall  first  appears  as  a  ring  midway  between  the  daughter-nuclei. 
This  becomes  gradually  filled  in  towards  the  center  until  the  wall 
between  the  two  daughter-ceUs  is  complete. 
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At  first  the  cell  wall  is  composed  principally  of  cellulose.  Later 
it  becomes  changed  in  character,  resembling  fungus-cellulose  or  the 
cuticle  of  higher  plants.  It  may  in  some  cases  contain  silica  and  in 
others  chitin.  The  outer  portion  is  mucilaginous.  Blue-green  algae 
in  all  cases  secrete  mucilage  and  are  usually  found  imbedded  in 
masses  of  mucus.  In  filamentous  plants  the  mucus  forms  an  en- 
veloping "sheath"  which  may  dissolve  and  become  invisible,  or  in 
other  cases  may  undergo  a  toughening  process.  Such  a  sheath  is  a 
secretion  of  the  cells  of  the  plant 

The  heterocyst  is  a  special  cell  usually  larger  than  the  ordinary 
cells.  It  is  formed  from  a  v^^etative  cell  by  the  breaking  down  of 
the  incipient  nucleus,  a  loss  of  the  granular  character  of  the  cell 
contents,  and  the  thickening  of  the  cellulose  wall.  The  position  of 
the  heterocyst  in  the  trichome  varies,  sometimes  it  being  confined  to 
the  end  of  the  row  of  cells,  and  in  other  cases  it  lies  between  two  ordi- 
nary celk.  Although  usually  colorless,  the  watery  contents  of  the 
heterocyst  sometimes  have  a  more  or  less  decided  yellowish  tint. 
Heterocysts  are  usually  solitary  but  they  may  occur  in  short  chains. 

While  it  is  a  fact  that  the  function  of  the  heterocyst  is  at  present 
not  at  all  understood,  it  is  doubtless  concerned  with  the  breaking  up 
of  the  trichome  into  hormc^ones.  By  some  it  is  considered  to  act 
as  a  storehouse  for  reserve  substances. 

In  the  unicellular  forms  the  terms  "plant"  and  "cell"  are  synony- 
mous. Therefore  when  the  cell  divides  the  result  is  not  growth  but 
mtUtiplication,  for  two  distinct  new  plants  have  been  formed.  In  all 
other  cases  the  cells  cling  together  after  division  and  are  arranged 
in  rows  or  strings.  The  "plant,"  then,  consists  of  a  row  of  cells. 
The  entire  number  of  cells  in  a  blue-green  multicellular  plant  (includ- 
ing heterocysts  and  gonidia  if  present)  taken  tc^ether,  is  known  as 
the  "trichome."  In  many  genera  the  trichome  is  surrounded  by  a 
gelatinous  sheath  or  envelope.  The  trichome  together  with  its  sheath 
is  called  the  "filament." 

In  the  multicellular  forms  the  plant  g^ows  by  the  transverse 
division  either  pf  all  the  cells,  as  in  Nostoc,  or  of  a  group  of  cells 
occupying  a  definite  position,  as  in  Rivularia.  Ordinarily  division 
takes  place  as  soon  as  the  cell  has  attained  its  maximum  size;  but 
under  favorable  conditions  secondary  divisions  occur  in  the  young 
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cells  and  when  this  happens  the  cells  are  much  shorter  than  broad, 
that  is,  the  cross  walls  appear  quite  close  together. 

Reproduction 

In  the  unicellular  forms  multiplication  is  the  result  of  simple 
cell  division.  In  some  genera  gonidia,  formed  within  gonidangia, 
occur. 

The  multicellular  Blue-green  algae  reproduce  commonly  by 
means  of  hormogones.  A  hormogone  is  a  short  chain  or  row  of  cells 
broken  off  from  a  mature  plant.  For  a  short  time  it  has  the  power 
of  motion.    Its  cells  rapidly  divide  and  thus  a  new  plant  is  developed. 

A  second  method  of  reproduction  in  the  multicellular  forms, 
is  by  means  of  gonidia.  These  are  either  formed  within  gonidangia, 
or,  as  is  most  commonly  the  case,  developed  from  v^etative  cells 
into  thick-walled  resting  cells. 

Water-Supply  Algae 

A  number  of  species  belonging  to  the  Blue-green  Algae  are  of 
interest  because  of  their  effect  upon  drinking  water. 

Some  of  these  algae  possess  a  natural  odor  and  taste,  due  to  the 
presence  of  an  oil,  which  upon  being  liberated  produces  a  most  dis- 
agreeable result.  The  odor  is  like  raw  green  com,  or  still  more  dis- 
agreeable. In  others  no  particular  odor  is  noticeable  while  the  plants 
are  alive,  but  when  the  water  dries  up  leaving  the  algae  to  die,  a 
"pig-pen  odor"  is  given  off  and  the  water  remaining  in  the  pool  is 
unfit  to  be  used  for  drinking  purposes  by  animals.  This  effect  is  the 
result  of  the  breaking  down  of  highly  organized  compounds  of  sul- 
phur and  phosphorus  in  the  presence  of  the  large  amount  of  nitrogen 
which  these  plants  contain. 

The  question  of  how  to  keep  drinking  water  pure  is  creating 
much  interest  at  the  present  time.  Water  Boards  and  Boards  of 
Health  in  large  cities  are  establishing  laboratories  where  chemists, 
botanists  and  bacteriologists  may  carry  on  study  and  investigation 
under  the  best  advantages.  Experiments  are  being  made  to  discover 
the  best  methods  of  building  reservoirs  so  that  light  may  be  shut  off 
and  the  water  kept  free  from  organic  matter,  for  algae  require  light 
and  nutriment  for  their  development. 
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Thermal  Algae 

In  general  all  living  things  are  soon  killed  when  subjected  to 
high  temperatures,  but  certain  kinds  of  algae  are  able  to  exist  in 
water  heated  almost  to  the  boiling  point  Blue-green  algae  are  almost 
the  only  kinds  found  in  hot  waters.  In  the  hot  springs  and  geysers 
of  Yellowstone  Park,  those  of  Iceland,  New  Zealand,  Japan,  tropical 
Africa,  Carlsbad,  Arkansas  and  California,  are  found  these  plants, 
'^rue  hot  water  algae  are  those  living  in  water  of  a  temperature  rang- 
ing from  40®  to  about  75®  C.  The  upper  limit  of  temperature  is  not 
determined  exactly  at  present. 

Calcareous  Algae 

All  green  land  and  water  {dants — that  is,  all  plants  containing 
chlorophyll — ^take  in  carbon  dioxide  gas,  making  the  carbon  and 
some  of  the  oxygen  atoms  into  new  compounds  for  themselves,  set- 
ting free  the  rest  of  the  oxygen  atoms.  The  caldmn  bicarbonate  in 
water  is  held  in  solution  by  carbonic  acid  gas.  Then  anything  that 
causes  the  withdrawal  of  the  carbonic  add  will  cause  the  lime  car- 
bonate to  be  precipitated.  Certain  algae,  in  some  way  that  we  can  not 
explain,  have  this  power  of  withdrawing  carbonic  add  from  the 
water  in  which  they  live.  As  the  plants  grow  they  become  encased 
in  calcareous  sheaths.  Perhaps  the  colony  begins  to  devdop  on  a 
piece  of  shell.  The  filaments  radiate  outwards  in  all  directions,  each 
independent  of  the  others  and  all  predpitating  caldmn  carbonate 
tubules.  Gradually  a  pebble  of  lime  is  formed  looking  like  an  ordi- 
nary water-rounded  pebble.  These  algal  calcareous  pebbles  show 
both  radial  and  concentric  structure.  The  bluish-green  radial  lines 
are  probably  formed  by  growth  of  filaments.  The  concentric  lines 
may  represent  seasonal  or  annual  periods  of  growth  of  plants.  These 
pebbles  have  been  found  in  several  marl  lakes  in  Michigan  and  in  a 
Minnesota  lake.  Sometimes,  also,  blue-green  algae  form  calcareous 
layers  instead  of  rounded  masses  or  pebbles. 

Calcareous  hot  waters  are  rare  in  Yellowstone  Park,  the  one 
locality  where  deposits  of  travertine  have  been  formed  being  Mam- 
moth Hot  Springs.  The  travertine  deposit  here  is  about  two  miles 
in  extent.  The  thickness  of  the  deposit  is  variable  but  is  not  known 
to  exceed  two  hundred  and  fifty  feet.    There  are  about  seventy-five 
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springs.  The  red,  orange  and  green  colors  on  the  overflow  slopes  are 
due  to  the  presence  of  microscopic  algae.  This  deposit  of  travertine 
is  formed  chiefly  by  the  activities  of  algae  in  withdrawing  carbon 
dioxide  from  the  water,  thus  separating  carbonate  of  lime. 

The  four  Geyser  Basins  of  Yellowstone  Park  are  characterized 
by  the  large  amount  of  silica  contained  in  solution  by  the  hot  waters. 
They  are  the  Norris,  Upper,  Middle  and  Lower  Basins.  Their 
waters  are  alkaline.  It  is  not  yet  known  just  how  the  algae  cause 
the  precipitation  of  silica  from  the  hot  water. 

Family  Cfaroococcacee 

These  plants  are  unicellular,  that  is,  each  individual  consists  of 
a  more  or  less  spherical  mass  of  protoplasm,  faintly  tinged  with 
bluish-green  or  purple  tints.  The  wall  is  usually  gelatinous.  The 
plants  exist  in  an  isolated  condition  or  they  live  together  in  masses 
or  colonies  imbedded  in  the  gelatinous  substance  secreted  from  the 
outer  layer  of  their  walls.  The  common  method  of  multiplication  is 
by  simple  cell  division  in  one,  two  or  three  directions.  In  Synecho- 
coccus  division  takes  place  in  one  direction  only  and  the  daughter- 
cells  remain  clinging  to  one  another  for  a  brief  period — ^thus  indicat- 
ing the  origin  of  the  trichome  or  row  of  cells.  In  Merismopedia  the 
plants  form  flat,  plate-like  colonies.  The  individual  plants  are 
arranged  very  r^;ularly  in  the  plate,  as  a  result  of  division  taking 
place  in  two  directions  only.  In  Aphanothece  and  Gloeocapsa,  div- 
ision takes  place  in  three  directions,  so  that  the  colony  formed  is 
approximately  spherical. 

These  plants  grow  in  moist  places  on  rocks,  on  tree  tnmks,  or 
in  poob.  Many  of  them  are  covered  by  a  thidc  envelope  of  gelatine 
which  enables  them  to  endure  dryness  for  a  long  time. 

Merismopedia  violacea  sometimes  forms  rose-colored  fragile 
masses  on  the  bottom  of  flsh  tanks  or  poob. 

Microcystis  aeruginosa  is'  a  common  pest  in  many  city  water 
reservoirs  during  the  hot  summer  months.  Coelosphaerium  is  also  a 
common  species  in  city  water  supplies.  The  colony  is  gelatinous, 
spherical  and  hollow.  The  small,  globose,  blue-green  plants  lie  in  the 
peripheral  portion  immersed  in  the  gelatine.  They  may  be  scattered 
or  lie  in  pairs  or  in  fours. 
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Family  OsdUatoriaceee 

Each  trichome  is  a  single  plant  Numbers  of  them  form  a  soft, 
filmy  dark  bluish-green  or  blackish  layer.  Smne  species  live  in  salt 
water,  but  they  are  particularly  common  in  fresh  water  stagnant 
pools,  in  ditches,  on  wet  ground,  around  pumps,  cisterns  and  tanks, 
and  are  often  seen  as  a  coating  on  the  inside  of  wooden  watering 
troughs. 

In  structure  these  plants  are  the  simplest  of  the  filamentous 
forms.  The  trichome  is  straight  or  somewhat  curved,  cylindrical, 
composed  of  a  single  row  of  cells  placed  end  to  end.  In  some  species 
the  individual  cells  are  slender  and  longer  than  wide,  forming  a  very 
thin  hair  or  thread.  In  other  species  the  cells  are  broad  and  short, 
and  the  plant  then  appears  to  be  made  up  of  a  series  of  discs  placed 
face  to  face.  The  plant  is  in  general  cylindrical  in  shape,  but  often, 
according  to  the  species,  it  may  taper  either  gradually  or  abruptly  at 
each  end.  The  end,  or  apical  cell  itself,  has  a  characteristic  shape  in 
the  diflFerent  species.  It  must  always  be  remembered,  when  trying  to 
determine  the  species  of  these  plants,  that  they  break  apart  very 
easily,  thus  leaving  broken  ends  which  of  course  do  not  show  the 
specific  characters  of  the  true  apical  cell. 

In  some  species  a  row  of  granules  will  be  seen  on  either  side  of 
the  common  wall. 

The  family,  Oscillatoriaces,  takes  its  name  from  the  fact  that 
certain  algae  belonging  to  it  have  the  power  of  motion.  The  move- 
ment is  a  peculiar  one  and  as  yet  not  at  all  understood.  The  plant 
may  move  through  the  water  with  a  gliding  motion ;  it  may  oscillate 
or  vibrate;  or  it  may  merely  bend  or  wave  back  and  forth  at  one 
extremity,  the  other  end  being  apparently  attached  to  some  object  in 
the  water. 

These  plants  have  no  heterocysts  and  no  gonidia.  They  repro- 
duce only  by  means  of  hormpgones.  The  plant  separates  into  short 
s^^ents  consisting  of  a  few  cells  each.  These  short  s^^ents  are 
motile  for  a  time  and  are  known  as  hormogones.  The  cells  compos- 
ing them  begin  dividing  at  once  and  the  hormogone  soon  attains  the 
size  and  appearance  of  the  parent  plant. 
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It  is  an  alga  in  this  family,  Trichodesmium  erythraeum,  which 
has  caused  the  Red  Sea  to  be  so  named.  It  floats  in  the  surface 
waters,  giving  them  a  red  color. 

Family  Nostocacefle 

To  this  family  belong  such  common  plants  as  Nostoc,  Anabsena, 
and  Cylindrospermum.  They  are  simple  in  structure,  all  the  cells  of 
the  trichome  being  somewhat  similar  in  size,  shape  and  appearance. 
The  plants  are  not  attached  but  are  isdated  or  they  live  in  gelatinous 
colonies.  The  sheath  surrounding  the  trichome  is  either  gelatinous 
or  mucilaginous,  and  may  or  may  not  be  visible.  The  heterocysts 
occur  at  intervals  in  the  trichome,  or  they  may  be  terminal.  The 
intercalary  heteroqrsts  have  two  thickened  cellulose  buttons  at  the 
point  of  attachment  to  the  adjoining  cells.  These  are  wanting  in  the 
terminal  heterocysts.  When  a  Nostoc  plant  forms  hormpgones,  the 
sheath  softens,  allowing  the  segments  of  the  trichome  to  escape  into 
the  water.  To  determine  genera  and  species,  the  position,  form,  size 
and  color  of  the  gonidia  must  be  noted.  The  character  of  the  wall, 
as  well  as  the  relation  of  the  gonidium  to  the  heterocyst,  must  be  also 
taken  into  consideration. 

Nostoc  colonies  generally  occur  as  more  or  less  rounded  masses, 
varying  from  the  size  of  a  pea  to  that  of  a  plum.  Anabsena  and 
Cylindrospermum  form  yellowish  or  bluish^green  layers.  It  is  very 
important  to  note  that  the  individual  plants  in  these  three  genera 
resemble  each  other  very  closely.  Before  beginning  the  study  of  the 
microscopic  characters,  one  must  determine  whether  the  colony  has 
a  definite  form  or  whether  it  occurs  merely  as  a  layer  without  definite 
shape. 

Some  of  these  plants  live  inside  the  tissues  of  higher  plants — in 
the  roots  of  Cycas,  in  the  leaves  of  AzoUa,  in  the  fronds  and  rhizoids 
of  Liverworts. 

Family  Scytonemaceae 
The  filaments  (plants)  have  a  base  and  an  apex  and  are  gen- 
erally branched.  In  Scytonema  the  branches  arise  in  the  middle  of 
the  interval  comprised  between  two  heterocysts.  In  Toi3rpothrix  the 
branches  depart  from  the  sheath  immediately  below  a  heterocyst. 
The  branches  may  be  solitary  or  in  pairs  ("twin"  branches).    The 
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method  of  branching,  known  as  "false''  branching,  is  somewhat 
peculiar.  The  growth  area  occurs  midway  between  two  heterocysts 
where  the  cells  will  be  found  to  be  shorter  and  more  crowded.  Since 
the  heterocysts  are  stationary  within  the  sheath,  the  increase  in  the 
number  of  cells  and  the  growth  in  length  of  the  individual  cells  create 
a  strong  pressure  at  this  middle  point,  and  it  is  here  that  the  sheath 
will  finally  give  way,  allowing  the  trichome  to  form  a  loop  outside. 
With  further  growth  this  ruptures  at  the  bend,  so  that  in  general 
"twin"  false  branches  are  formed.  In  other  cases  only  one  branch 
may  continue  to  grow,  the  other  remaining  undeveloped.  Hormo- 
gones,  with  rounded  extremities,  may  be  found  within  the  sheath  in 
many  plants.  The  sheath  is  tubular  and  continuous.  It  may  be 
colorless  or  it  may  be  brownish  or  yellowish.  The  heterocysts  are 
intercalary  or  basal,  solitary  or  in  series.  Gonidia  have  been  seen 
in  some  species. 

Family  Stigonemacee 

The  most  important  characteristic  of  this  family  is  the  forma- 
tion of  true  branches.  This  is  effected  by  a  division  of  the  cells  in 
a  direction  parallel  to  that  of  the  main  axis.  The  branch  arises  by 
a  development  of  one  of  the  lateral  cells.  Thus,  a  certain  lateral 
cell  divides  in  the  longitudinal  direction  of  the  plant  body,  instead  of 
transversely.  Growth  continues  in  this  direction  so  that  there  is 
formed,  projecting  at  right  angles  to  the  main  filament,  a  single  row 
of  cells  which  is  a  "true"  branch.  In  species  in  which  the  trichome 
consists  of  a  single  row  of  cells  the  heterocyst  occupies  the  place  of 
an  entire  cell.  When  the  cells  divide  longitudinally  and  there  are 
several  longitudinal  rows  within  the  sheath,  the  heterocyst  stands  in 
the  place  of  one  of  the  lateral  peripheral  cells.  In  certain  species 
having  a  very  strongly  colored  sheath,  they  are  but  slightly  apparent. 
In  general  the  heterocysts  are  smaller  than  the  ordinary  cells  and 
have  a  brighter,  more  yellowish  color.  Hormogones  are  formed  at 
the  ends  of  branches  or  in  special  short  branches. 

Family  Rivulariaceae 

The  plants  in  this  family  are  distinguished  from  other  forms 
of  the  class  by  the  trichome  terminating  in  a  hair.  In  other  words 
the  plant  is  wider  at  the  basal  portion  and  tapers  towards  the  apex. 
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The  series  of  cells  forming  the  apical  pordcm,  or  ''hair/'  contain  little 
protoplasm  and  are  not  capable  of  further  growth.  The  cells  are 
loog,  slender,  straight  and  colorless.  When  honnbgones  are  pro- 
duced this  "hair"  falls  away.  Heterocysts  are  sometimes  wanting. 
Sometimes  only  basal  ones  exist.  Sometimes  in  the  same  species 
there  are  both  basal  and  intercalary  heterocysts.  The  plants  are 
smnetimes  simple  and  sometimes  they  form  false  branches.  Branch- 
ing results  generally  through  the  growth  of  the  summit  of  the  lower 
s^^ent  of  the  trichcwne,  just  below  an  intercalary  heterocyst  Rarely 
the  trichome  breaks  out  in  the  interval  between  two  heterocysts  (most 
frequently  at  the  base  of  old  plants  of  Calothrix).  Then  the  branches 
resemble  those  of  Scytonema.  Sometimes  the  branches  break  imme- 
diately from  the  main  filament.  Sometimes  they  remain  inside  the 
sheath. 

The  sheath  is  tubular,  continuous,  gelatinous,  or  membranaceous, 
homogeneous  or  lamellose.  The  interior  layers  are  often  capable  of 
much  swelling.  Sometimes  particles  of  lime  are  deposited  upon  the 
sheath.  Then  the  colony  becomes  transformed  into  a  stony  mass. 
The  sheaths  are  colorless  or  tinted  with  yellow  or  brown.  Gonidia 
are  known  in  but  few  cases.    These  are  generally  submerged  plants. 

MYXOPHYCEiE 

The  Myxophyccae  arc  typically  blue-green,  the  coloring  matter 
being  a  mixture  of  two  pigments,  chlorophyll  and  phycocyanin;  pigments 
of  other  colors  sometimes  present. 

The  plant  body  is  unicellular  or  multicellular,  sometimes  endowed 
with  a  peculiar  motion;  plants  existing  usually  in  gelatinous  masses, 
sometimes  solitary  among  other  algae. 

Reproduction  is  always  asexual,  either  by  simple  cell  division  in  one, 
two  or  three  directions  of  space,  or  by  means  of  hormogones  (multicellu- 
lar fragments  of  the  plant  body,  at  first  motile,  afterwards  coming  to 
rest),  or  by  means  of  non-motile  gonidia  formed  within  gonidangia,  or  by 
means  of  resting  gonidia  formed  from  ordinary  cells. 

Habitat:  Plants  are  found  in  fresh,  brackish  or  salt  water,  in  hot 
springs,  in  mineral  springs,  in  aerial  situations,  or  as  endophytes. 

Order  I.  Coccogoneae.  Plants  unicellular,  single  or  associated  in  fam- 
ilies or  colonies  which  are  usually  surrounded  by  a  copious  gelatinous 
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integument,  rarely  forming  filaments;  reproduction  occurs  conunonly  by 
the  vegetative  division  of  cells,  rarely  by  the  formation  of  non-motile 
gonidia  from  the  division  of  the  contents  of  a  gonidangium  (mother-cell). 

Order  II.  Hormogones.  Plants  multicellular,  filamentous,  attached  to 
a  substratum  or  free-floating;  filaments  simple  or  branched,  usually  con- 
sisting of  one  or  more  rows  of  cells  within  a  sheath;  reproduction  occurs 
by  means  of  hormogones  or  resting  gonidia.    Page  ^)9. 

Order  I.  COCCOGONEiE 

Family  I.  ChroococcacesB.  Plants  showing  no  difference  between  basal 
and  apical  regions,  solitary  or  associated  in  families  or  colonies;  reproduc- 
tion by  vegetative  division  of  cells  in  one,  two  or  three  directions  of  space. 
Family  II.  Chamsesiphonacese.  Plants  often  showing  a  difference  be- 
tween basal  and  apical  regions,  solitary  or  associated  in  families  or  col- 
onies, usually  epiphytic  or  attached  to  shells;  reproduction  by  means  of 
non-motile  gonidia  formed  by  the  division  of  the  contents  of  a  mother- 
cell  (gonidangium).    Page  205. 

Family  I.  CHROOCOCCACEiE 

I.    Plants  solitary  or  associated  in  small,  indefinite  families  or  colonies, 
not  surrounded  by  a  common  (colonial)  gelatinous  tegument 

1  Cells  spherical;  reproduction  by  cell  division  in  three  directions 

Chroococcus 

PUttt  XVII,  Pig.  1 

2  Cells  spherical;  reproduction  by  cell  division  in  one  direction  only 

Synechocystis 

Pig.  2 

3  Cells  oblong,  ellipsoidal  or  cylindrical;  sheath  wanting;  reproduc- 

tion by  cell  division  in  one  direction  only 

Synechococcus 

Pig.  3 

4  Cells  cylindrical  or  oblong-conical;  sheaths  thick,  hyaline;  repro- 

duction by  cell  division  in  one  direction  only 

Chroothece 

Pig.  4 

II.     Plants  associated  in  families  or  colonies,  surrounded  by  a  common 
gelatinous  tegument 
1     Colonies  without  definite  shape 

(1)  Individual  sheaths  usually  thick,  remaining  through  many  divi- 
sions, sheath  of  original  mother-cell  surrounding  entire 
colony 
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A    Cells  spherical 
a    Cells  enclosed  in  a  vesicle-like,  thick,  colorless  or  colored 
sheath,  spherical  (after  division  oblong),  single  or  in  col- 
onies; cell  contents  blue-green,  or  of  various  colors 

(Hoeocapn 

Fit.  5 

b    Cells  surrounded  by  an  elliptical  membrane,  forming  colon- 
ies, arranged  in  short  filaments  BatophyaaUs 

Fit.  • 
c    Cells  surrounded  by  thick  sheath,  forming  spherical  colonial 
masses;  plant  mass  cushion-like,  cartilaginous,  incrusted 
with  lime  at  base,  curled  at  periphery 

Choiidrocjrttit 

Fits.  7.  • 

B    Cells  elongate 
a    Cells  cylindrical-oblong,   surrounded  by  a  thick,  mucous 
sheath,  solitary  or  forming  small  colonies 

Fit.* 

(2)     Individual  sheaths  not  distinct;  colony  surrounded  by  com- 
mon tegument  formed  of  dissolved  individual  sheaths 

A    Cells  spherical  (or  angular  from  mutual  pressure);  cell  divi- 
sion in  all  directions  AphanocapM 

Fit.  10 
B    Cells  oblong;  cell  division  in  one  direction 

Apfaanodiece 

Plate  XVIII,  Fig.  11 

2    Colonies  having  a  definite  characteristic  shape 
(1)    Colonies  free-floating 

A    Cells  having  an  indefinite  arrangement,  forming  several  layers 
a    Cells  spherical  or  oblong;  colony  spherical  or  oblong,  solid 

microcystis 

Fig.  12 

b    Cells  spherical;  colonies  of  variable  shape,  at  first  solid,  be- 
coming saccate  and  clathrate  Clathrocystis 

Pigs.  IS,  14 

c    Cells  pear-shaped  or  heart-shaped;  colony  spherical  or  ellip- 
soid, solid  Gomphosphaeria 

Pig.  15 

B    Cells  having  a  definite  arrangement,  forming  a  single  layer  or 
cube 
a    Colonies  spherical,  hollow 
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(a)  Cells  spherical,  lying  just  within  the  periphery  of  the 

colony  Coelotphanium 

Pic.  16 

(b)  Cells  spherical  or  elongate;  individual  sheaths  distinct 

Ccelosphaeriopsis 

Pig.  17 

b    Colonies  flat 

(a)  Cells  of  some  definite  or  symmetrical  shape,  quadran- 

gular or  triangular,  solitary  or  forming  colonies 

Tetrapediiiiii 
Pic.  IS 

(b)  Cells  spherical;  colonies  rectangular 

Meritmopedmin 
Pic.  19 
c    Colonies  cubical,  solid;  cells  spherical  or  elliptical 

Boci^mUs 

Pic.  20 

(2)    Colonies  adherent  to  substratum 

A    Cells  spherical  or  elongate,  regularly  arranged  in  radial  rows; 
colonies  cushion-like,  hard,  leathery,  verrucose 

Oncobyna 
Pic.  21 
B    Cells  spherical  or  oval,  irregularly  arranged  in  radial  rows; 
colonies  irregularly  lobed,  epiphytic     Chloroglcea 

Pic.  22 

Genus  CHROOCOCCUS 

Plate  XVII,  Pic.  1 
Plants  either  free-floating  or  forming  a  gelatinous  or  crust-like  plant 
mass  in  damp  places,  in  fresh  or  salt  water,  or  within  the  tissues  of  other 
plants,  occurring  as  spherical  or  angular  cells,  each  surrounded  by  a  more 
or  less  definite  sheath,  solitary  or  united  in  twos,  fours,  eights,  etc.,  but  not 
held  together  in  definite  colonies  by  a  common  gelatinous  tegument; 
sheaths  thin  or  wide,  homogeneous  or  lamellose,  colorless  or  colored;  cell 
contents  homogeneous  or  granular,  usually  of  a  blue-green  color,  some- 
times violet,  olive-green,  orange  or  yellowish;  reproduction  by  succes- 
sive division  of  the  cells  alternately  in  three  directions  of  space. 

I.    Sheaths  hyaline,  often  lamellose;  cell  contents  orange  or  yellowish. 

1  Cells  less  than  3  mic.  in  dianveter  '    C.  mbrapunctus 

2  Cells  more  than  15  mic.  in  diameter 

(1)  Plant  mass  yellowish  green;  cells  25-50  mic.  in  diameter 

C.  macrococcas 

(2)  Plant  mass  orange-colored;  cells  19-34  mic.  in  diameter 

C.  turicensis 
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II.  Sheaths  hyaline,  yellowish  or  brownish,  often  lamellose;  cell  con- 
tents blue-green,  rarely  olive-brown,  reddish-green,  brownish- 
violet  or  copper-red 

1  Cells  not  embedded  in  a  gelatinous  mass,  mostly  solitary  among 

other  algs 

(1)  Sheaths  thick,  distinctly  lamellose;  cell  contents  blue-green 

A    Sheaths  colorless;  cells  13-25  mic  in  diameter 

C.  tnrgidns 

B    Sheaths  yellowish  or  brownish;  cells  5.8-11  mic.  in  diameter 

C.  ichixodeniiaticut 

(2)  Sheaths  not  lamellose 

A    Cells  5-7  mic.  in  diameter  C.  minvtus 

B    Cells  1.7  mic.  in  diameter  C.  multicolormtus 

C    Growing  in  hot  water;  cells  1-1.5  mic.  in  diameter 

C.  thennophiloa 

2  Cells  embedded  In  a  gelatinous  mass,  not  free-floating 

(1)  Sheaths  lamellose 

A    Sheaths  slightly  lamellose;  plants  4-8  mic.  in  diameter 

C.  varius 

B  Sheaths  lamellose,  finally  irregularly  peeling  off;  plants  6-11 
mic.  in  diameter  C.  decorticani 

(2)  Sheaths  not  lamellose,  sometimes  scarcely  visible 

A  Plants  5  mic.  in  diameter,  mostly  subquadrate,  often  triangu- 
lar, rarely  multiangular;  sheaths  scarcely  perceptible 

C.  refractus 

B    Plants  4-7.5,  rarely  9  mic.  in  diameter,  spherical 

C.  hdveticoa 

C  Plant  mass  pale  yellowish;  sheaths  oblong-elliptical;  cells 
7.5-13  mic  in  diameter;  cell  contents  blue-green,  yellowish 
or  orange  C.  pallidas 

D  Plant  mass  green,  later  becoming  black;  sheaths  distinct, 
ellipsoid;  cells  2.7-6.6  mic.  in  diameter;  cell  contents  blue- 
green  C.  cohaerens 

£  Plant  mass  blue-green  or  olive;  sheaths  scarcely  visible; 
plants  3-4  mic  in  diameter;  cell  contents  blue-green 

C.  minor 

F  Plant  mass  lead-colored  or  green  becoming  black;  sheaths 
thick,  mucous;  plants  3-8  mic.  in  diameter;  cell  contents 
blue-green  C.  membranimis 
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3    Cells  embedded  in  a  gelatinofts,  free-floating  mass 

(1)  Plants  8-13  mic.  in  diameter,  much  crowded;  cell  contents 

green  or  blue-green  C.  limneticcis 

(2)  Plants  13  mic.  in  diameter,  usually  in  groups  of  two;  groups 

lying  apart  from  each  other;  cell  contents  grayish-purple 

C  porpiareas 

Genus  SYNBCHOCYSTIS 

Plat*  XVII.  Pis.  2 

Plants  always  globose;  sheaths  none;  cell  walls  thin  not  diffluent; 
cell  contents  blue-green;  reproduction  by  division  of  the  cells  in  one  direc- 
tion only. 

Submerged;  plants  5-6  mic.  in  diameter,  single  or  in  pairs;  cell  walls 
hyaline,  very  thin;  cell  contents  pale  blue-green.        S.  a<iaatiEi 

Genus  SYNECHOCOCCUS 
Plat*  XVII,  Pif.  3 
Plants  oblong,  cylindrical  or  ellipsoidal,  usually  single,  occasionally 
forming  families  of  two  or  four  united  in  a  row  or  chain;  sheaths  none; 
cell  walls  thin;  cell  contents  blue-green,  sometimes  yellowish,  pinkish  or 
pale  orange;  reproduction  by  division  of  the  cells  in  one  direction  only. 
I.    Cell  contents  blue-green 

1  Cells  7-15  mic.  in  diameter,  14-26  mic.  in  length 

S.  smginotot 

2  Cells  2  mic.  in  diameter,  4-6  mic.  in  length     S.  rmcemosus 

3  Growing  in  hot  salt  water;  cells  3  mic.  in  diameter,  6  mic  in  length 

S.  cortus 

Genus  CHROOTHECE 
Plata  XVII,  Pig.  4 
Plant  mass  somewhat  gelatinous,  dark-yellowish;  plants  cylindrical 
or  oblong-conical,  with  rotund  ends,  single  or  in  pairs;  sheaths  wide, 
lamellose,  hyaline,  increasing  greatly  in  thickness  at  one  pole;  cell  con- 
tents distinctly  granular,  bright  blue-green  or  orange-yellow;  reproduc- 
tion by  division  of  the  cells  in  one  direction  only. 
I.    Plants  18-24  mic.  in  diameter  C.  richteriana 

II.    Plants  1.5  mic.  in  diameter  C.  ciTptamin 

III.    Plants  11-12.5  mic.  in  diameter  C.  monococca 
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Genus  GLCEOCAPSA 
Plat*  XVII,  riff.  5 

Plants  spherical  (or  immediately  after  division  oblong),  either  single 
or  a  number  associated  in  families;  each  cell  enclosed  in  a  vesicle-like, 
strongly  thickened,  usually  distinctly  lamellose  sheath;  sheaths  often  very 
thick,  colorless  or  colored,  usually  lamellose;  lamellae  often  peeling  off; 
cell  contents  blue-green,  bluish,  steel-blue,  reddish,  yellowish,  etc.;  repro- 
duction by  division  of  the  cells  alternately  in  three  directions. 

When  a  cell  divides  into  two  daughter-cells,  each  one  secretes  a 
sheath  about  itself,  the  two  still  being  enclosed  by  the  sheath  of  the 
mother-cell.  As  division  goes  on,  the  sheath  of  the  original  cell  remains 
enveloping  the  entire  family,  and  in  fact  all  the  sheaths  remain  in  exist- 
ence. Therefore,  there  will  always  be  one  less  than  twice  as  many 
sheaths  as  there  are  cells  in  the  family  (in  a  family  of  four  cells  there 
will  be  seven  sheaths;  in  a  family  of  sixteen  cells  there  will  be  thirty-one 
sheaths).    Later  generations  of  cells  are  smaller  than  the  first  ones. 

I.    Sheaths  colorless 
1     Sheaths  lamellose 

(1)  Sheaths  wide 

A  Plant  mass  steel  blue,  green,  olive  or  dull  yellow;  plants  7-8 
mic.  in  diameter;  sheaths  very  wide,  indistinctly  lamel- 
lose; cells  3-5  mic.  in  diameter  G.  granosa 

B  Plant  mass  dull  green  or  olive;  plants  3-4.5  mic.  in  diameter; 
sheaths  very  thick,  with  numerous  concentric  lamellae 

G.  polydermatica 

C  Plant  mass  green;  plants  7-15  mic.  in  diameter;  sheaths  very 
thick,  more  or  less  distinctly  lamellose;  cells  2.2-3.4  mic. 
in  diameter  G.  fenestralis 

D  Plant  mass  somewhat  olivaceous;  plants  6-17  mic.  in  dia- 
meter; sheaths  thick;  cells  3.7-6  mic.  in  diameter 

G.  arenaria 

(2)  Sheaths  narrow 

A  Plant  mass  pale  yellow  becoming  greenish;  growing  in  hot 
water;  plants  19-39  mic.  in  diameter;  cells  3-6  mic.  in  dia- 
meter G.  montana 

B  Plant  mass  mucilaginous,  dull  green  or  gray  becoming  black- 
ish, or  red  becoming  brownish;  plants  7-11  mic.  in  dia- 
meter; cells  3-4.5  mic.  in  diameter       G.  quatemata 

C  Plant  mass  a  calcareous  crust,  light  gray  or  green;  plants  6-9 
mic.  in  diameter  G.  calcarea 
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D  Plant  mass  gelatinous,  brownish,  growing  on  Zostera;  sheaths 
numerous,  distinct;  cells  9-11  mic.  in  diameter,  19-26  mic  in 
length  G.  xottericola 

2  Sheaths  sometimes  lamellose 

(1)  Plant  mass  blue-green   or  greenish;   sheaths  not  distinctly 

lamellose 
A    Free-floating;  cells  .75-2.8  mic.  in  diameter 

G.  punctata 

B  On  wet  rocks;  plants  4-8  mic.  in  diameter;  cells  2-3  mic  in 
diameter  G.  srnginota 

(2)  Plant  mass  olive  or  green;  plants  6.2-10  mic.  in  diameter; 

sheaths  narrow,  lamellose  when  old;  cells  2.5  mic.  in  dia- 
meter '  G.  gdatinota 

(3)  Plant  mass  dull  olive;  plants  7-11  mic.  in  diameter;  sheaths 

thick,  not  at  all  or  scarcely  lamellose;  cells  3-6  mic  in  diam- 
eter G.  conglomerata 

3  Sheaths  not  lamellose 

(1)  Plant  mass  flesh-colored  to  yellowish;  plants  2.5-5.5  mic.  in 
i  diameter;  cell  contents  flesh-colored  to  honey-colored 

G.  rneUea 

(2)  Plant  mass  black;  plants  9-14  mic  in  diameter;  cells  3.5-4.5 

mic.  in  diameter;  cell  contents  pale  blue-green 

G.  atrata 
II.    Sheaths  yellowish  or  brownish 

1  Sheaths  lamellose 

(1)  Plant  mass  dull  olive  to  brownish-green;  sheaths  colorless 

or  yellowish  G.  rnuraHs 

(2)  Plant  mass  grayish-brown  to  black;  sheaths  very  thick,  yel- 

lowish or  orange,  becoming  darker     G.  mpestris 

2  Sheaths  sometimes  lamellose 

(1)  Plants  4.5-5.5  mic.  in  diameter;  sheaths  usually  not  lamellose; 

cells  1.5-2  mic.  in  diameter  G.  fusco-hitea 

(2)  Plants  12  mic.  in  diameter;  sheaths  homogeneous  or  lamel- 

lose; cells  3-4.5  mic.  in  diameter  G.  ^mrsa 

(3)  Colonies  subglobose;  sheaths  somewhat  lamellose;  cells  9-15 

mic.  in  diameter  G.  gigai 

3  Sheaths  not  lamellose;  plant  mass  olive-green;  plants  5-8  mic  in 

diameter  G.  crepidinam 
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III.    Sheaths  violet,  purple  or  red 

1  Sheaths  lamellose 

(1)     Plant  mass  purple,  sometimes  becoming  black 
A    Sheaths  deep  purple  or  copper-brown;  plants  6-12  mic.  in 
diameter  G.  magma 

B    Sheaths  violet  or  reddish-purple;  plants  7.5-12  mic.  in  diame- 
ter; cells  2-4.5  mic.  in  diameter  0.  janthina 

C    Sheaths  very  thick,  opaque,  intensely  lamellose;  plants  10-17 
mic.  in  diameter;  cells  4-7  mic.  in  diameter 

G.  ralf  iiana 

2  Sheaths  sometimes  lamellose;  plant  mass  colorless  or  dark  purple, 

growing  in  hot  water;  plants  6-7.8  mic.  in  diameter;  cells  1-2.6 
mic.  in  diameter  G.  thermalis 

3  Sheaths  not  lamellose 

(1)  Plant  mass  violet  becoming  gray  or  black 

A    Plants  4-8  mic.    in    diameter;    sheaths   violet,    thick,   often 
opaque;  cells  1.8-2.5  mic.  in  diameter    G.  ambigua 

B    Plants  10-17  mic.  in  diameter;  sheaths  violet  or  rose-colored; 
cells  3.5  mic.  in  diameter  G.  violacea 

(2)  Plant  mass  reddish-orange,  dark  red  or  black 

A    Plants  11-24  mic.  in  diameter;  sheaths  very  thick,  soon  peeling 
off  G.  dubia 

B    Sheaths  intensely  blood-red,  very  wide;  cells  3.5-9  mic.  in 
diameter  G.  sanguinea 

Genus  ENTOPHYSALIS 
Plate  XVII,  Pig.  6 
Plant  mass  globose,  cartilaginous,  including  numerous,  more  or  less 
confluent  small  families  of  cells;  cells  spherical,  each  surrounded  by  an 
elliptical  sheath,  associated  in  families. 

I.     Plant  mass  crustaceous;  cells  2-5  mic.  in  diameter 

E.  granulosa 

II.     Plant  mass  mucous;  cells  4-6  mic.  in  diameter 

E.  magnoliae 

Genus  CHONDROCYSTIS 

PUto  XVII,  Pigs.  7,  8 
Plant  mass  cushion-shaped,  widely  expanded,  up  to  35  cm.  high, 
cartilaginous,  soft,  fragile,  encrusted  with  lime  at  the  base,  curled  up  at 
periphery;  families  consisting  of  spherical  masses  of  cells  lying  free,  the 
membranes  of  which  seem  to  be  thickened  into  one  layef. 


Digitized  by  VjOOQIC 


200  JOSEPHINE  E.  TILDEN 

Plant  mass  rose-colored  to  red,  thick;  cells  somewhat  spherical 
or  elongate,  2  mic.  in  diameter,  3-5  mic.  in  length;  sheath  thick. 

C.  schamnilandii 

Genus  GLOBOTHECE 
PUte  XVII.  Fig.  9 
Colonies  embedded  in  a  common  gelatinous  tegument;  cells  cylindri- 
cal-oblong, rounded  at  the  ends,  each  surrounded  by  a  wide  mucous 
homogeneous  or  lamellose  sheath;  reproduction  by  transverse  division 
of  the  cells  in  one  direction  only. 
I.    Individual  sheaths  colorless 

1  Cells  .8-2.5  mic.  in  diameter,  10.5-18  mic.  in  length 

0.  linearis 

2  Cells  1.6-3  mic.  in  diameter,  2^-7.5  mic.  in  length 

G.  confloens 

3  Plants  8-12  mic.  in  diameter,  12-36  mic.  in  length;  cells  4-5.5  mic 

in  diameter,  6-15  mic.  in  length  G.  ropettris 

4  Cells  4-5  mic.  in  diameter,  6-10  mic.  in  length 

G.  membranacea 

5  Cells  2.5-2.7  mic.  in  diameter,  4.8-5.7  mic.  in  length*  somewhat 

crescent-shaped  with  acute  apices  G.  lonata 

II.    Individual  sheaths  partly  or  entirely  colored 
1    Plant  mass  usually  free-floating 

(1)  Sheaths  colorless  at  margins;  cells  3-4  mic.  in  diameter 

G.  magna 

(2)  Sheaths  usually  brownish  or  yellowish;  cells  4-5.5  mic  in 

diameter,  6-11  mic.  in  length  G.  foscolutea 

Genus  APHANACAPSA 

PUt«  XVII.  Fig.  10 

Plant  mass  more  or  less  expanded,  colorless  or  blue-green,  yellow 
or  brown;  plants  spherical  or  angular  from  mutual  pressure,  single  or  in 
pairs;  individual  sheaths  thick,  very  soft,  colorless,  not  distinct,  confluent 
into  a  mucous,  amorphous,  homogeneous  colonial  tegument;  tegument 
colorless  or  tinted  brown  or  blue-green;  reproduction  by  successive  divi- 
sion of  the  cells  alternately  in  three  directions. 
I.    Plant  mass  colorless 

1  Cells  1.5-2  mic.  in  diameter  A.  elachista 

2  Cells  10-16  mic.  in  diameter  A.  xanardinii 
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II.    Plant  mass  green  or  blue-green 

1  Plant  mass  globose,  gelatinous,  dirty  green;  cells  3.2-5.6  mic.  in 

diameter  A.  grevillei 

2  Plant  mass  hemispherical,  gelatinous,  blue-green;  cells  5-6  mic. 

in  diameter  A.  rivolaris 

3  Plant  mass  amorphous,  gelatinous,  dirty  green  or  olive 

A.  viresceni 

III.    Plant  mass  brown 

Cells  4.5-5.5  mic.  in  diameter  A.  bnmnea 

Genus  APHANOTHECE 

PUte  XVIII.  Pig.  11 
Plant  mass  more  or  less  expanded,  somewhat  spherical  or  without 
definite  shape;  individual  sheaths  thick,  not  distinct,  confluent  into  a 
mucous,  amorphous,  homogeneous  colonial  tegument;  cells  oblong;  re- 
production by  division  of  the  cells  in  one  direction  only. 
I.    Plant  mass  without  definite  shape 

1  Cells  1-2  mic.  in  diameter  A.  sazicoU 

2  Cells  more  than  2  mic.  in  diameter 

(1)  Plant  mass  dirty  green  or  olive  brown;  cells  2.5-3  mic.  in 

diameter  A.  conferta 

(2)  Growing  in  very  salt  water;  cells  5  mic  in  diameter,  hardly 

longer  than  broad  A.  utahensis 

(3)  Cells  one  to  three  times  as  long  as  broad 

A    Plant  mass  colorless;  cells  4-4.5  mic.  in  diameter 

A.  microscopica 
B    Plant  mass  colored 
a    Plant  mass  blue-green,  olive  or  yellowish-brown;  cells  2-3.5 
mic.  in  diameter  A.  castagn^ 

b    Plant  mass  pale  blue-green;  cells  3-8  mic.  in  diameter 

A.  paUida 

c    Plant  mass  pale  yellowish-green  or  olive;  cells  2-3  mic.  in 
diameter  A.  microspora 

d    Plant  mass  yellowish-brown  or  olive;  cells  4-4.5  mic.  in 
diameter,  irregularly  scattered  A.  naegelii 

II.    Plant  mass  more  or  less  spherical 

1  Plant  mass  pale  blue-green;  cells  3-5  mic.  in  diameter 

A.  stagnina 

2  Plant  mass  bright  or  dark  emerald  green;  cells  5-6.5  mic.  in  diam- 

eter A.  prasina 
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Genus  MICROCYSTIS 

Plat*  XVIII,  Fif.  12 
Colonies  spherical  or  somewhat  spherical,  solid,  finally  becoming 
hollow  and  lobed,  single  or  associated  in  clusters,  containing  large  num- 
bers of  cells,  surrounded  by  a  colorless,  gelatinous  tegument;  cells  spheri- 
cal, oval  or  elliptical;  cell  contents  green  or  blue-green,  often  showing 
vacuoles;  reproduction  by  cell  division  in  three  directions. 
I.    Cells  spherical 

1  Colonies  more  or  less  spherical,  usually  containing  several  daugh- 

ter colonies  each  surrounded  by  its  own  tegument;  cells  2-4  mic 
in  diameter  M.  ichthyobUbe 

2  Plant  mass  dull  yellowish  becoming  olive;  colonies  30-70  mic.  in 

diameter;  cells  2.2-4  mic.  in  diameter  M.  donnellii 

3  Colonies  spherical,  flattened,  orbicular,  lens-shaped,   sometimes 

confluent,  surrounded  by  a  thick,  lamellose  common  tegument; 
cells  3-4  mic.  in  diameter  M.  marginatm 

4  Colonies  more  or  less  spherical  or  oblong,  with  an  indistinctly 

limited  tegument,  pale  or  yellowish-green;  cells  4-6.5  mic.  in 
diameter  M.  flos-aquK 

II.    Cells  oval  or  oblong,  sometimes  almost  spherical 

1  Colonies  spherical,  oblong  or  flattened,  sometimes  containing  sev- 

eral daughter  colonies  each  surrounded  by  its  own  tegument; 
cells  1-1.5  mic.  in  diameter,  3-5  mic.  in  length,  oblong 

M.  dabcos 

2  Plant  mass  pulverulent,  bright  glaucous  or  whitish  blue-grreen; 

colonies  spherical  or  oblong;  cells  2-3  mic.  in  diameter,  some- 
what spherical  or  oval  M.  pulverea 

3  Plant  mass  irregular,  firm,  gelatinous,  pink,  brown  or  green,  grow- 

ing in  very  salt  water;  cells  2.5-4  mic.  in  diameter,  6-7  mic.  in 
length,  oblong  or  elliptical  M.  packardii 

4  Plant  mass  mucous,  floccose,  amorphous,  sky-blue;  colonies  some- 

what spherical,  distinctly  limited;  cells  somewhat  spherical  or 
ellipsoid  (size  unknown)  M.  piBciiialis 

5  Colonies  irregular  in  shape,  with  an  indistinctly  limited  tegument; 

cells  5-5.5  mic.  in  diameter,  spherical  or  oval 

M.  palUda 

Genus  CLATHROCYSTIS 

PUto  XVIII,  Pigi.  13,  14 
Colonies  of  variable  shape,  at  first  solid  soon  becoming  saccate  and 
clathrate,  ("fragments  of  the  broken  fronds  occurring  in  irregularly  lobed 
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forms")*  surrounded  by  a  colorless,  gelatinous,  indistinctly  limited  integu- 
ment; cells  spherical,  numerous. 
I.    Cells  3-4  mic.  in  diameter,  spherical  C.  aemginoM 

II.    Cells  6-9  mic.  in  diameter,  spherical  or  oval        C.  robuitm 

Genus  QOMPHOSPRSRIA 

PUte  XVIII,  Pig.  IS 
Colonies  spherical  or  ellipsoid,  mucous,  solid,  free-swimming;  tegu- 
ment colorless  or  yellowish,  usually  thick,  soon  diffluent;  cells  pear- 
shaped  or  heart-shaped,  rarely  somewhat  spherical,  grouped  in  pairs,  few 
in  numbers,  disposed  chiefly  towards  the  periphery  of  the  tegument;  cell 
contents  often  granular,  bluish  or  greenish;  reproduction  by  cell  division 
alternately  in  three  directions.  ^ 

I.    Cells  4-5  mic.  in  diameter,  8-12  mic.  in  length   0.  aponina 

II.    Cells  3.2-4  mic.  in  diameter,  spherical;  cell  contents  pinkish  or 
brownish  G.  rosea 

Genus  CCBLOSPHJBRIUM 
PUte  XVIII,  Pig.  16 
Colonies  spherical,  mucous,  hollow,  free-swimming,  containing  many 
small  cells;  tegument  mucous,  soon  confluent;  cells  globose,  elliptical  or 
ovoid,  arranged  just  within  the  periphery  of  the  tegument;  cell  contents 
granular,  with  gas  vacuoles;  reproduction  by  cell  division,  at  first  in  one 
direction,  afterwards  alternately  in  three  directions. 
I.    Colonies  30r90  mic.  in  diameter;  cells  2-5  mic.  in  diameter 

C.  kuetsingianom 

II.    Colonies  about  150  mic.  in  diameter;  cells  5-7  mic.  in  diameter 

C.  dUbhim 

Genus  CCBLOSPHJBRIOPSIS 
PUte  XVIII,  Pig.  17 
Colonies    spherical,    gelatinous,    hollow;    families    clustered;    cells 
spherical  or  elongate,  arranged  in  a  single  peripheral  layer;  reproduction 
by  cell  division. 

Colonies  30-500  mic.  in  diameter,  spherical,  gelatinous;  cells  6  mic. 
in  diameter,  6-9  mic  in  length,  spherical  or  elongate. 

C.    halophila 

Genus  TETRAPEDIUM 

PUte  XVIII,  Pig.  18 
Cells  solitary  or  occurring  in  families  of  from  2-16  each,  compressed, 
quadrangular  or  triangular,  equilateral,  becoming  subdivided  into  quad- 


Digitized  by  VjOOQIC 


204  JOSEPHINE  E.  TILDEN 

rate  or  wedge-shaped  segments  or  rounded  lobes,  either  by  deep  verti- 
cal or  oblique  incisions  or  by  wide  angular  or  rounded  sinuses;  cell  con- 
tents blue-green;  reproduction  by  cell  division.  (Single  cells  break  apart 
by  the  incisions  into  four  daughter-cells  each,  the  daughter-cells  after 
division  forming  separate  individuals.  The  direction  of  the  incisions  is 
either  perpendicular  to  the  lateral  margin  or  bisects  the  angles.) 

Cells  3.6x7.2  mic,  triangular,  with  conclave  sides  and  somewhat 
rotund  angles,  elliptical  in  side  view;  cell  contents  homogeneous,  pale 
blue-green.  T.  trigoimiii 

Genus  MERISMOPEDIUM 

put*  XVIII,  Pic.  19 

Colonies  flat,  rectangular,  free-floating;  tegument  somewhat  thick, 
confluent;  cells  spherical,  before  division  oblong,  arranged  in  a  rectilinear 
series  in  a  single  layer;  cell  contents  usually  without  gas  vacuoles,  blue- 
green,  rarely  violet,  rose-pink  or  red;  reproduction  by  division  of  the 
cells  in  two  directions. 
I.    Cells  5-7  mic  in  diameter,  6-9  mic  in  length 

1  Colonies  30  mic.  in  diameter;  cells  5  mic.  in  diameter,  somewhat 

spherical;  cell  contents  blue-green  or  violet 

M.  wngineiiiii 

2  Cells  spherical  or  oblong  M.  elegant 

3  Cells  oval  M«  noTmn 

II.    Cells  3-6  mic.  in  diameter 

1  Colonies  45-150  mic.  in  diameter;  cells  spherical  or  oval 

M.  gkracam 

2  Colonies  large,  more  or  less  convolute;  cells  spherical  or  oblong 

M.  convolntom 

III.    Cells  1.3-2  mic.  in  diameter,  somewhat  spherical 

M.  tenuistimum 

Genus  EUCAPSIS 

PUte  XVIII.  Pig.  20 

Colonies  cubical,  usually  consisting  of  32-128  cells,  but  ranging  from 
8-512  cells,  free-floating;  tegument  uniform,  colorless,  gelatinous;  cells 
spherical,  sometimes  elliptical  or  flattened  by  mutual  pressure,  forming 
cubical  families;  cell  contents  finely  granular,  blue-green;  reproduction  by 
cell  division  in  three  planes. 

Colonies  30-80  mic.  in  diameter,  usually  containing  32-128  cells,  free- 
floating;  cells  6-7  mic.  in  diameter.  E.  alfHna 


Digitized  by  VjOOQIC 


SYNOPSIS  OF  THE  BLUE-GREEN   ALGJE — MYXOPHYCE^  205 

Genus  ONCOBYRSA 
PUte  XVIII,  Fig.  21 
Colonies  cushion-like,  hard,  leathery,  adherent;  sheaths  thick,  gelat- 
inous, confluent;  cells  spherical  or  elongated,  usually  regularly  arranged 
in  radial  rows;  cell  contents  blue-green  or  violet 

I.    Cells  pale  blue-green,  sometimes  violet  O*  rivularis 

II.    Cells  bright  blue-green  O.  cetatiana 

Genus  CHLOROQLCBA 

Plat*  XVIII,  Fiff.  22 

Colonies' irregularly  lobed;  tegument  thin,  not  lamellose;  cells  spher- 
ical or  oval,  arranged  in  radiating  series;  reproduction  by  cell  division  in 
one  direction. 

Colonies  disc-shaped,  epiphytic,  greenish;  cells  1-1.5  mic.  in  diam- 
eter, 2  mic  in  length;  ellipsoid,  after  division  somewhat  spherical 

C  tuberculoM 

Family  U.  CHAMiESIPHONACEiE 

Plants  often  showing  a  difference  between  basal  and  apical  reg^ions, 
solitary  or  associated  in  families  or  colonies,  usually  epiphytic  or  attached 
to  shells;  reproduction  by  cell  division,  by  division  of  filaments  into  frag- 
ments, or  by  means  of  non-motile  gonidia  formed  by  the  division  of  the 
contents  of  a  mother-cell  or  gonidangium. 

I.    Reproduction  by  cell  division  and  by  gonidia;  cells  usually  united  in 
colonies 

1  Colonies  somewhat  spherical  or  hemispherical,  usually  consisting 

of  several  layers  of  cells  Pleurocapta 

PUte  XIX,    Fig.    23. 
24 

2  Colonies  disc-shaped,  usually  consisting  of  a  single  layer  of  cells 

Xenococcut 

Fig.  2S 

3  Colonies  forming  branched  filaments  Hyella 

Fig.  26 

II.     Reproduction  by  gonidia  only 

1  Gonidia  formed  by  simultaneous  division  of  the  entire  contents  of 

gonidangium  DermocarpA 

Fig.  27 

2  Plants  not  usually  united  in  colonies;  gonidia  formed  by  successive 

constrictions  of  apical  portion  of  contents  of  gonidangium 

Chamaesiphon 

Figs.  2S,  29 
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Plate  XIX 
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Genus  PLBUROCAPSA 

Plmts  XIX,  Figs.  23,  24 

Colonies  usually  crustaceous,  made  up  of  vegetative  cells  and  gonid- 
angia;  plants  united  in  short  filaments,  parallel  or  scarcely  distinct,  radiat- 
ing, often  dichotomously  divided;  cells  spherical  or  angular,  rarely  oval  or 
polyhedral;  cell  contents  blue-green,  olive,  yellowish  or  violet;  gonidangia 
furnished  with  thick  sheaths,  producing  numerous,  spherical  gonidia; 
reproduction  by  cell  division  in  three  directions,  by  division  of  filaments 
into  fragments,  and  by  gonidia  formed  by  division  of  the  contents  of  a 
gonidangium. 

I.    Cells  arranged  in  straight  rows;  growing  in  fresh  water 

PL  conchamm 
II.     Cells  not  arranged  in  straight  rows 

1  Growing  in  hot  water;  cells  4-6  mic.  in  diameter 

PL  caldaria 

2  Growing  in  salt  water 

(1)  Cells  5-20  mic.  in  diameter;  cell  contents  golden  yellow,  fawn- 

colored  or  dull  violet  PL  fuliginota 

(2)  Cells  10-13  mic.  in  diameter;  cell  contents  violet 

PL  amethystMi 

(3)  Cells  up  to  15  mic.  in  diameter;  cell  contents  dull  blue  or  slate 

color  PL  crepidinmn 

Genus  XENOCOCCUS 

PUte  XIX,  Pig.  2S 

Colonies  disc-shaped  or  crustaceous,  attached;  cells  somewhat  spher- 
ical, or  angular  with  rounded  apices,  crowded,  forming  a  parenchymatous, 
one-celled  layer,  later  several  cells  in  thickness;  tegument  colorless  or  yel- 
lowish; cell  contents  homogeneous,  blue-green  or  violet;  reproduction  by 
cell  division  in  three  directions  or  by  means  of  gonidia  developed  in  large 
peripheral  cells;  gonidia  usually  spherical,  sometimes  32  developed  in  a 
gonidangium. 

I.  Colonies  disc-shaped,  composed  of  one  layer  of  cells;  tegument  sur- 
rounding base  of  cells;  cells  3-4  mic.  in  diameter,  5.5-7  mic.  long, 
pear-shaped  X.  laysanensis 

II.  Colonies  spherical,  solitary  or  confluent  and  completely  surrounding 
the  filaments  of  the  host;  cells  4-9  mic.  in  diameter,  spherical  or 
flattened  X.  schousboei 

III.    Colonies  irregularly  expanded,  one  or  several  layers  in  thickness; 
cells  4-6  mic.  in  diameter,  4-9  mic.  in  length 

X.  kemeti 
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Genus  HYBLLA 
Plate  XIX,  Pig.  36 
Colonies  radiately  expanded,  orbicular,  composed  of  two  kinds  of 
filaments;  primary  filaments  horizontal,  tangled,  twisted,  finally  becom- 
ing a  very  densely  woven  felty  mass;  secondary  filaments  vertical,  devel- 
oped from  primary;  branching  true;  tegument  septate,  thicker  at  base  of 
filament,  narrower  above;  cells  disconnected,  not  joined  in  chains,  lower 
ones  short,  sometimes  divided  longitudinally,  upper  ones  longer;  repro- 
duction by  means  of  vegetative  cells  set  free  from  tegument  and  by  means 
of  gonidia  formed  in  gonidangia  by  successive  division  of  contents. 
I.    Colonies  yellowish  or  olive,  at  first  forming  minute  patches  or  dots, 
later  becoming  membranaceous  or  cushion-shaped;   erect   fila- 
ments usually  parallel;  vegetative  cells  usually  5-6,  sometimes  up 
to  10  mic.  in  diameter.  H.  CKtpitoaa 

II.    Colonies  immersed  in  substance  of  shell,  brownish-gray  or  bright 
blue;  vegetative  cells  5-10  mic.  in  diameter     H.  fontana 

Genus  DERMOCARPA 

PUte  XIX,  Pig.  27 
Colonies  usually  epiphytic,  forming  a  somewhat  indefinite  layer; 
cells  spherical,  egg-shaped,  pear-shaped,  oval  or  oblong,  solitary  or  united 
in  a  layer;  cell  contents  usually  blue-green  or  violet;  reproduction  by 
means  of  gonidia  formed  by  simultaneous  division  of  contents  of  the 
gonidangium;  gonidangia  oval  or  elongate,  dissolving  at  apex  to  allow 
the  escape  of  the  gonidia. 
I.    Cells  somewhat  oval  or  oblong,  not  contracted  at  base  to  form  a 
stalk 

1  Cell  contents  blue-green,  green,  olive  or  brown 

D.  prasina 

2  Cell  contents  rose-colored  or  violet 

(1)  Cells  4-5  mic.  in  diameter  D.  rosea 

(2)  Cells  8-28  mic.  in  diameter  D.  violacea 

II.    Cells  contracted  at  base  to  form  a  stalk 

1  Colonies  dark  violet-brown;  cells  18-25  mic.  in  diameter,  40-60 

mic.  in  length  D.  fudcola 

2  Colonies  irregularly  outlined;  cells  8.5-11  mic.  in  diameter,  16.5-33.5 

mic.  in  length  D.  smaragdinus 

3  Colonies  minute;  cells  9.5''17  mic.  in  diameter,  13-25  mic.  in  length 

D.  olivaceus 

4  Cells  18-24  mic.  in  diameter,  17-24  mic.  in  length 

D.  leibleiniae 
var.  pelagica 
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Genus  CHAMJESIPHON 

PlAte  XIX,  Flgt.  28^9 
Plants  epiphytic,  erect,  cylindrical,  somewhat  filiform,  club-shaped 
or  pear-shaped,  attached  at  base,  widening  upwards  to  free  apex,  solitary 
or  aggregated;  sheaths  present;  cell  walls  very  thin;  cell  contents  homo- 
geneous, blue-green,  violet  or  yellow;  reproduction  by  one-celled,  non- 
motile  gonidia  which  are  successively  cut  off  from  the  upper  portion  of 
the  contents  of  the  gonidangium,  gradually  escaping  from  the  open  apex. 

I.    Gonidangia  usually  1-2  celled  Ch.  incruttans 

II.    Gonidangia  many-celled  Ch.  curvatus 

Order  IL    HORMOGONEiE 

Plants  multicellular,  filamentous,  attached  to  a  substratum  or  free- 
floating;  filaments  simple  or  branched,  usually  consisting  of  one  or  more 
rows  of  cells  within  a  sheath;  reproduction  occurs  by  means  of  hormo- 
gones  or  resting  gonidia. 

Family  I.  OscOlatoriacefle.  Filaments  frequently  branched,  containing 
one  or  more  trichomes;  sheaths  variable,  more  or  less  gelatinous;  tri- 
chomes  consisting  of  a  simple  row  of  cells  uniform  along  their  entire 
length,  except  for  the  apical  cells  which  sometimes  taper  more  or  less; 
heterocysts  absent;  reproduction  by  means  of  vegetative  division  and 
hormogones. 

Family  II.  Nostocaceae.  Sheaths  very  delicate,  mostly  confluent,  usually 
not  visible;  trichomes  usually  twisting  and  entangled,  consisting  of  a  sin- 
gle row  of  uniform  cells,  with  heterocysts;  reproduction  by  means  of 
vegetative  division,  hormogones  and  gonidia.  Page  231. 
Family  III.  Scytonemacese.  Filaments  with  a  false  branch  system; 
sheaths  firm  and  tubular;  trichomes  consisting  of  a  single  row  of  cells, 
but  not  of  uniform  thickness,  with  heterocysts;  reproduction  by  means  of 
vegetative  division,  hormogones  and  gonidia.  Page  241. 
Family  IV.  Stigonemacese.  Filaments  frequently  branched;  sheaths 
thick,  firm,  often  irregular;  trichomes  consisting  of  one  or  several  rows 
of  cells,  with  heterocysts;  reproduction  by  means  of  vegetative  division, 
hormogones  and  gonidia.    Page  247. 

Family  V.  Rivulariacese.  Filaments  tapering  from  the  base  to  the 
apex,  ending  in  a  multicellular,  colorless  hair;  heterocysts  usually  present, 
basal;  reproduction  by  means  of  vegetative  division,  hormogones  and 
gonidia.    Page  251. 

FamUy  I.  OSCILLATORIACEiE 

Filaments  frequently  branched,  containing  one  or  more  trichomes; 
sheaths  variable,  more  or  less  gelatinous;  trichomes  consisting  of  a  simple 
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row  of  cells  uniform  along  their  entire  length;  except  for  the  apical  cells 
-which  sometimes  taper  more  or  less;  heterocysts  absent;  reproduction  by 
means  of  vegetative  division  and  hormogones. 
I.    Sheaths  not  present 

1  Trichomes  straight  or  nearly  so,  never  forming  a  regular  spiral 

(1)  Trichomes  cylindrical,  usually  without  sheaths,  free;  apex  of 

trichome  straight  or  curved  Oscillatoria 

PUto  XX,    Figi.    30, 
31,  32 

(2)  Trichomes  cylindrical,  without  sheaths,  united  in  free-swim- 

ming scale-like  masses  Trichodesmium 

Pig.  33 

2  Trichomes  forming  a  regular,  more  or  less  lax  spiral 

(1)  Trichomes  multicellular  Arthrospira 

Fig.  34 

(2)  Trichomes  unicellular  Spirolina 

Fig.  3S 

II.    Sheaths  present 

1  Filaments  simple  or  branched;  sheaths  cylindrical,  firm;  trichomes 

single  within  the  sheath;  apex  of  trichome  straight 

(1)  Filaments  simple,  more  or  less  agglutinated  by  their  mucous 

sheaths  Phormidium 

Fig.  36 

(2)  Filaments  simple,  free,  free-floating  or  forming  a  matted  mass 

Ljmgbya 

Fig.  37 

(3)  Filaments  often  branched,  forming  erect  tufts;  false  branches 

solitary  Symploca 

Fig.  38 

(4)  Filaments  single;   sheaths  usually  purple  or  flesh-colored; 

apical  cell  not  capitate  Porphsrrosiphoii 

Fig.  39 

2  Filaments  frequently  branched;   sheaths  firm,   lamellose,  trans- 

parent or  colored;  trichomes  several  within  the  sheath 

(1)  Sheaths  more  or  less  mucous,  colorless,  diffluent;  trichomes 

few  within  the  sheath;  apex  of  trichome  capitate 

Hydrocoleus 

Figs.  40.  41 

(2)  Filaments  prostrate,  woven  into  a  solid  membranaceous  mass, 

often  slightly  branched;  sheaths  solid,  always  thin,  color- 
less; plants  terrestrial  or  aquatic  Hsrpheothrix 

Plate  XXI,  Fig.  42 

(3)  Filaments  prostrate  at  the  base,  above  forming  erect  tufts; 

sheaths  solid,  transparent;  plants  terrestrial 

Symplocastrum 

Figs,  43,  44,  4S 
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(4)  Filaments  tufted,  often  much  branched;  sheaths  transparent  or 

scarcely  colored;  plants  low,  aquatic      Inactii 

Pif .  46 

(5)  Filaments  branched;  sheaths  solid,  closed  at  the  apex,  of  vari- 

ous colors;  trichomes  densely  aggregated  within  the  sheath 

Schisothrix 

Pi«.  47 

(6)  Sheaths   wide,   transparent  or  yellowish   brown;   trichomes 

very  few  within  the  sheath,  very  loosely  aggregated 

Datygloea 

Fif .  4S 

(7)  Sheaths  mucous,  not  lamellose,  always  transparent;  trichomes 

many  within  the  sheath  Microcoleus 

Pit .  49 

3  Colonies  somewhat  spherical,  elliptical  or  spindle-shaped;  fila- 
ments solitary  or  aggregated  in  colonies;  sheaths  thick,  gelatin- 
ous 

(1)  Sheaths  very  thick;  trichomes  usually  single  or  in  scattered 

fragments  Catagnymene 

Pit.  so 

(2)  Colonies  somewhat  spherical;  sheaths  thick;  trichomes  curved, 

radiating  Haliarachne 

Genus  OSCILLATORIA 

PUte  XX,  Pigi.  30,  31,  32 

Trichomes  cylindrical,  free,  motile,  without  a  sheath  or  rarely  en- 
closed in  a  very  thin,  fragile,  mucous  sheath,  often  constricted  at  the 
joints;  apex  of  trichome  straight,  curved,  or  more   or  less  regularly 
spiralled,  often  tapering;  outer  wall  of  apical  cell  often  thickened,  form- 
ing a  calyptra. 
I.    Plants  living  in  fresh  water,  floating;  apex  of  trichome  constantly 
straight,  gradually  tapering,  obtuse,  finally  capitate;  cells  some- 
what quadrate  or  shorter  than  the  diameter,  never  very  short 

1  Plant  mass  purple;  trichomes  2.2-5  mic.  in  diameter;  cells  some- 

what quadrate  or  longer  than  the  diameter 

O.  prolifica 

2  Plant  mass  light  blue-green;  trichomes  4-6  mic.  in  diameter;  cells 

somewhat  quadrate  or  twice  as  short  as  the  diameter 

O.  agardhii 

II.  Plants  living  in  fresh  water,  sometimes  in  hot  water;  trichomes 
large  or  very  large;  apex  of  trichome  straight,  curved  or  spiral, 
not  at  all  or  briefly  tapering,  obtuse;  cells  very  short 
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1  Transverse  walls  never  granulated 

(1)  Trichomes  16-60  mic.  in  diameter;  apex  of  trichome  slightly 

tapering,  somewhat  capitate,  hooked     O.  princeps 

(2)  Trichomes  12-15  mic.  in  diameter;  apex  of  trichome  tapering, 

capitate,  hooked  or  loosely  terebriform 

O.  proboscidte 

2  Transverse  walls  frequently  g^ranulated 

(1)  Apex  of  trichome  straight 

A  Trichomes  10-20  mic.  in  diameter,  constricted  at  joints;  apex 
of  trichome  very  briefly  tapering,  somewhat  capitate 

O.  lancta 

B  Trichomes  11-20  mic.  in  diameter,  not  constricted  at  joints; 
apex  of  trichome  neither  tapering  nor  capitate 

O.  limoM 

(2)  Apex  of  trichome  spiral,  rarely  hooked 

A  Trichomes  10-17  mic.  in  diameter,  not  constricted  at  joints; 
apex  of  trichome  not  capitate  O.  carvicept 

B  Trichomes  18-23  mic.  in  diameter;  apex  of  trichome  slightly 
tapering,  obtusely  rounded,  usually  straight 

O.  major 

C  Trichomes  9-11  mic.  in  diameter,  slightly  constricted  at  joints, 
here  and  there  interrupted  by  inflated,  refringent  cells; 
apical  cell  not  capitate  O.  omatm 

D  Trichomes  6-8  mic.  in  diameter,  not  constricted  at  joints, 
here  and  there  interrupted  by « inflated,  refringent  cells; 
apical  cell  capitate  O.  anguJna 

III.  Plants  living  in  salt  water;  trichomes  always  constricted  at  joints, 
rarely  straight  or  spiral  throughout;  apex  of  trichome  scarcely 
tapering,  very  gradually  curved,  obtuse 

1  Trichomes  twisted  into  a  regular  spiral  O.  bonnemaitonii 

2  Trichomes  not  spiral,  gradually  curved  in  apical  portion,  rarely 

straight 

(1)  Plant  mass  dull  red;  trichomes  16-24  mic.  in  diameter 

O.  miniatm 

(2)  Plant  mass  olive  green;  trichomes  17-29  mic  in  diameter 

O.  margaritifera 

(3)  Plant  mass  dark  olive  green;  trichomes  7-11  mic.  in  diameter, 

straight,  fragile  O.  nigro-viridis 

(4)  Plant  mass  thin,  fragile;  trichomes  9.6-11.9  mic.  in  diameter, 

sometimes  spirally  coiled,  sometimes  curved  or  even  nearly 
straight  O.  capitata 
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(5)     Plants  epiphytic;  trichomes  6-10  mic.  in  diameter,  flexuous, 
flexible  O.  coralline 

IV.    Plants  living  in  fresh  water,  sometimes  in  hot  water;  trichomes 
straight  or  curved,  not  tapering  at  the  apices 

1  Trichomes  8.5  mic.  in  diameter,  straight  or  slightly  flexuous 

O.  nigra 

2  Trichomes  4-10  mic.  in  diameter,  usually  slightly  constricted  at  the 

joints,  often  curved  at  the  apices;  transverse  walls  usually  fur- 
nished with  two  rows  of  granules  O.  tennis 

3  Trichomes  2-3  mic.  in  diameter,  not  constricted  at  joints,  curved 

at   the   apices;    transverse   walls    commonly   marked   by   two 
protoplasmic  granules  O.  amphibia 

4  Trichomes  1-1.5  mic.  in  diameter,  straight  or  rolled  in  a  circinate 

manner  O.  subtilissima 

5  Trichomes  2.3-4  mic.  in  diameter,  curved,  very  much  constricted  at 

joints;  transverse  walls  pellucid,  not  granulated 

O.  geminata 

6  Trichomes  2.5  mic.  in  diameter,  especially  constricted  at- joints; 

transverse  walls  pellucid  O.  minnesotensis 

7  Trichomes   3.5-4   mic.    in    diameter,    not    constricted    at   joints; 

transverse  walls  pellucid,  not  granulated      O.  chlorina 

8  Trichomes  .6  mic.  in  diameter,  flexible,  elongate,  tangled,  not  con- 

stricted at  joints  O.  angustissima 

V.  Plants  living  in  fresh  water,  hot  water,  rarely  in  salt  water;  tri- 
chomes tapering,  more  or  less  pointed,  hooked  or  flexuous,  not 
entirely  spiralled  (except  O.  c  h  a  1  y  b  e  a) ;  cells  longer  or  shorter 
than  the  diameter,  never  very  short 

1  Apical  cell  capitate 

(1)  Trichomes  2-3  mic.  in  diameter;  cells  longer  than  their  diam- 

eter O.  splendida 

(2)  Trichomes  2.5-5  mic.  in  diameter;  cells  somewhat  quadrate 

O.  amoena 

2  Apical  cell  not  capitate 

(1)     Plants  living  in  salt  water 
A    Trichomes  4.7-6.5  mic.  in  diameter,  flexible,  undulating;  apex 
of  trichorae  very  gradually  tapering,  very  flexuous 

O.  subuliformia 
B    Trichomes  4  mic.  in  diameter,  somewhat  flexuous,  sometimes 
coiled  in  a  regular  circle,  very  much  constricted  at  joints; 
apex  of  trichome  tapering,  slightly  curved,  obtuse 

O.  salinarum 
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C    Trichomes  3-5  mic  in  diameter,  fragile,  straight;  apex  of  tri- 
chome  briefly  tapering,  hooked  or  undulating 

O.  laete-virens 

(2)     Plants  living  in  fresh  water,  often  in  hot  water,  rarely  in 
brackish  water 

A  Trichomes  3-5  mic.  in  diameter;  apex  of  trichome  briefly 
tapering,  very  sharply  pointed,  hooked;  cells  usually  longer 
than  their  diameter  O.  acuminata 

B  Trichomes  3-4  mic  in  diameter;  apex  of  trichome  briefly 
tapering,  very  sharply  pointed,  hooked;  cells  usually  short- 
er than  their  diameter  O.  animaliii 

C  Trichomes  4-4.5  mic.  in  diameter,  straight,  entangled;  trans- 
verse walls  granulated;  cell  contents  violet  or  sky-blue 

O.  violacea 

D  Trichomes  4-6.5  mic.  in  diameter,  here  and  there  interrupted 
by  inflated  refringent  cells;  apex  of  trichome  briefly  taper- 
ing, hooked  or  flexuous;  cells  three  times  shorter  than 
their  diameter  O.  brevis 

£  Trichomes  4-7  mic.  in  diameter;  apex  of  trichome  obtuse, 
straight,  rarely,  slightly  curved  O.  cruenta 

F  Trichomes  4-6  mic.  in  diameter,  slightly  constricted  at  joints; 
apex  of  trichome  briefly  and  somewhat  obtusely  tapering, 
hooked;  cells  quadrate  or  one-half  as  long  as  wide 

O.  formosa 

G  Trichomes  2.5-4  mic.  in  diameter,  constricted  at  joints;  apex 
of  trichome  very  gradually  tapering,  hooked  or  undulating; 
cells  quadrate  or  longer  than  the  diameter 

O.  numidica 

H  Trichomes  5.5-8  mic.  in  diameter,  slightly  constricted  at 
joints;  apex  of  trichome  very  gradually  tapering,  hooked  or 
undulating;  cells  quadrate  or  longer  than  the  diameter, 
very  long  near  the  apex  O.  cortiana 

I  Trichomes  5.5-9  mic.  in  diameter,  constricted  at  joints;  apex 
of  trichome  very  gradually  tapering,  undulating  and  finally 
hooked;  apical  cell  obtuse;  cells  shorter  than  their  diameter 

O.  okeni 

J  Trichomes  8-13  mic.  in  diameter,  scarcely  constricted  at 
joints,  sometimes  twisted  in  loose  spirals;  apex  of  trichome 
briefly  or  gradually  tapering  and  hooked;  apical  cell  ob- 
tuse; cells  shorter  than  their  diameter 

O.  chalybea 
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K  Trichomes  8-10  mic.  in  diameter,  straight,  somewhat  con- 
stricted at  joints;  apex  of  trichome  often  slightly  tapering, 
obtuse,  straight  or  curved  O.  sabsalsa 

L  Trichomes  15.5-18^  mic.  in  diameter,  straight;  apex  of  tri- 
chome usually  curved,  somewhat  tapering,  obtuse-truncate 

O.  percuTMi 

VI.  Plants  living  in  fresh  water,  sometimes  in  hot  water;  trichomes 
regularly  terebriform  in  apical  portion  or  forming  a  spiral 
throughout  their  entire  length,  more  or  less  tapering  in  the 
apical  portion 

1  Trichomes  &-B  mic.  in  diameter,  forming  a  lax  and  regular  spiral 

through  their  entire  length,  or  straight  and  hooked  at  the  apex; 
apical  cell  pointed,  not  capitate  O.  boryana 

2  Trichomes  4-6.5  mic.  in  diameter,  flexuous,  straight  below,  loosely 

spiralled  and  terebriform  above;  apical  cell  obtuse,  not  capitate 

O.  terebriformis 

Genus  TRICHODBSMIUM 

Plat*  XX,  Pic.  33 

Plants  forming  scale-like,  disconnected,  free-floating  colonies  quick- 
ly dissolving  into  .mucous;  trichomes  cylindrical,  without  sheaths;  apex  of 
trichome  straight,  tapering,  slightly  capitate;  apical  cell  truncate-conical, 
furnished  with  a  convex  calyptra. 

Floating  in  great  abundance  in  the  ocean,  especially  in  equatorial 
regions. 
I.    Trichomes  straight  T.  erytliraeiim 

II.    Trichomes  flexuous  or  spirally  twisted 

1  Colonies  up  to  6  mm.  in  length;  trichomes  7-16  mic.  in  diameter, 

not  constricted  at  joints,  those  in  center  of  colony  having  the 
form  of  twisted  ropes,  free  at  the  ends  T.  thiebautii 

2  Colonies  spirally  twisted,  light  yellow;  trichomes  16-25  mic.  in 

diameter,  twisted  together  into  cords  T.  contortom 

Genus  ARTHROSPIRA 

Plate  XX,  Pig.  34 
Trichomes  multicellular,  cylindrical,  without  a  sheath,  forming  a 
very  regular,  more  or  less  loose  spiral;  apex  of  trichome  sometimes  taper- 
ing; apical  cell  rotund;  calsrptra  none. 
I.    Trichomes  5-8  mic.  in  diameter,  forming  a  loose  spiral  9-15  mic.  in 
diameter,  the  distance  between  the  turns  being  21-31  mic. 

A.  jenneri 


Digitized  by  VjOOQIC 


SYNOPSIS  OF  THE  BLUE-GREEN  ALOE — MYXOPHYCEiE  217 

II.  Trichomes  2.5-3  mic.  in  diameter,  forming  a  rather  loose  spiral  about 
6  mic.  in  diameter,  the  distance  between  the  turns  being  16-18 
mic.  A.  gomontiaiia 

Genus  SPIRULINA 
Plate  XX,  Pig.  35 
Trichomes  unicellular,  cylindrical,  without  a  sheath,  forming  a  regu- 
lar, more  or  less  loose  or  close  spiral;  apex  of  trichome  not  tapering; 
cell  contents  homogeneous  or  slightly  granular. 
I.    Turns  of  the  spiral  not  close  together 

1  Trichomes  1.2-1.8  mic.  in  diameter,  forming  a  more  or  less  loose, 

somewhat  irregular  spiral  3.2-5  mic  in  diameter,  the  distance 
between  the  turns  being  3-5  mic.  S.  meneghiniana 

2  Trichomes  1.2-1.7  mic.  in  diameter,  forming  a  somewhat  loose, 

regular  spiral  2.5-4  mic.  in  diameter,  the  distance  between  the 
turns  being  2.7-5  mic.  S.  major 

3  Trichomes  2  mic.  in  diameter,  forming  an  especially  regular  spiral 

5  mic.  in  diameter,  the  distance  between  the  turns  being  5  mic. 

S.  nordstedtii 

4  Trichomes  .6-.9  mic.  in  diameter,  forming  an  especially  regular 

spiral  1.5-2.5  mic.  in  diameter,  the  distance  between  the  turns 
being  12-2  mic.  S.  sabtilissima 

5  Trichomes  .4  mic  in  diameter,  forming  an  especially  regular  spiral 

1.4-1.6  mic.  in  diameter,  the  distance  between  the  turns  being 
1  mic.  S.  tenerrima 

6  Trichomes  .9  mic  in  diameter,  forming  a  very  loose  spiral  1.5  mic. 

in  diameter,  the  distance  between  the  turns  being  3.2  mic. 

S.  caldaria 
II.    Turns  of  the  spiral  close  together 

1  Trichomes  1.2-1.8  mic.  in  diameter,  forming  a  dense  regular  spiral 

3-4.5  mic.  in  diameter,  the  turns  being  contigruous 

S.  versicolor 

2  Trichomes  1-2  mic.  in  diameter,  forming  a  somewhat  irregular 

dense  or  rarely  regular  spiral  3-5  mic.  in  diameter,  the.  turns 
being  contiguous  or  nearly  so  S.  subsalsa 

III.  Trichomes  forming  slender,  flat,  continuous  bands  (when  untwisted 
forming  a  complete  ring),  normally  flattened  and  twisted,  with 
one  to  four  or  more  turns  S.  duplex 

Genus  PHORMIDIUM 
Plate  XX,  Pig.  36 
Filaments  simple,  forming  a  woolly  or  felt-like  layer  or  rarely  float- 
ing, attached  at  the  base  with  free  ends  torn  and  ragged;  sheaths  thin, 
transparent,  mucous,  agglutinated,  partly  or  entirely  diffluent;  trichomes 
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cylindrical,  in  some  species  constricted  at  joints,  never  distinctly  spiral; 
apex  of  trichome  often  tapering,  straight  or  curved,  capitate  or  not  capi- 
tate; outer  membrane  of  apical  cell  thickened  into  a  calyptra  in  many 
species. 
I.  Trichomes  especially  constricted  at  joints,  even  moniliform;  apex  of 
trichome  neither  curved  nor  capitate 

1  Trichomes  scarcely  4  mic.  in  diameter 

(1)  Plants  living  in  hot  or  in  brackish  water;  trichomes  12-2 J 

mic.  in  diameter;  cells  somewhat  quadrate 

P.  fragile 

(2)  Plants  living  in  salt  water;  plant  mass  rose-colored;  trichomes 

1.7-2  mic.  in  diameter;  cells  longer  than  the  diameter 

P.  perticimmi 

(3)  Plants  terrestrial,  nestling  in  pits  in  rocks;  trichomes  1.5  mic 

in  diameter;  cells  somewhat  quadrate     P.  foyeoUnim 

2  Trichomes  6-8.5  mic.  in  diameter  P.  tinctoriam 

II.    Trichomes  rarely  or  scarcely  constricted  at  joints;  apex  of  trichome 
straight  or  curved,  capitate  in  many  species 
1    Trichomes  scarcely  3  mic.  in  diameter 

(1)  Plant  mass  purplish  violet,  reddish  brown  or  scarlet 

A  Filaments  somewhat  straight;  trichomes  slightly  constricted 
at  joints;  transverse  walls  not  granulated 

P.  luridum 

B  Filaments  somewhat  straight;  trichomes  fragile,  frequently 
interrupted,  not  constricted  at  joints;  transverse  walls 
rarely  visible  P.  mbram 

C  Filaments  very  much  twisted;  trichomes  not  constricted  at 
joints;  transverse  walls  marked  by  four  protoplasmic 
granules  P.  purpurascens 

D  Filaments  curved,  entangled  or  arranged  parallel  with  each 
other,  trichomes  not  constricted  at  joints;  apex  of  trichome 
straight,  neither  tapering  nor  capitate 

P.  crosbjranum 

(2)  Plant  mass  blue-green  or  olive 

A  Plants  living  in  hot  water;  plant  mass  expanded,  lamellose, 
composed  of  many  superposed  papery  layers;  trichomes 
.6-.8  mic.  in  diameter,  not  constricted  at  joints;  apex  of 
trichome  straight,  not  tapering  P.  treleasei 

B  Plant  mass  thin,  membranaceous;  trichomes  1-1.5  mic.  in 
diameter,  not  constricted  at  joints;  apex  of  trichome 
straight,  tapering;  transverse  walls  granulated 

P.  laminosum 
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C  Plant  mass  thin,  membranaceous;  trichomes  1-2  mic.  in  diam- 
eter, slightly  constricted  at  joints;  apex  of  trichome  finally 
becoming  tapered  and  bent;  transverse  walls  not  granu- 
lated P.  tenue 

D  Plant  mass  thick,  leathery;  trichomes  2-2.5  mic.  in  diameter, 
not  constricted  at  joints;  apex  of  trichome  straight,  obtuse 

P.  ▼alderianum 

£  Plant  mass  lamellose;  trichomes  2-2.8  mic.  in  diameter,  slight- 
ly constricted  at  joints;  apex  of  trichome  gradually  taper- 
ing, bent  or  twisted  P.  tubnlifomie 

Trichomes  more  than  3  mic.  in  diameter 

(1)  Apex  of  trichome  straight,  not  capitate 
A    Apical  cell  obtuse  conical 

a    Plant  mass  encrusted  with  calcium  carbonate 

P.  incrnttatiim 

b    Plant  mass  not  encrusted  with  calcium  carbonate 

(a)  Filaments  somewhat  straight;  trichomes  3-5  mic.  in 

diameter;  transverse  walls  covered  by  protoplasmic 
granules  P.  inundatom 

(b)  Filaments  flexuous;  trichomes  3-4.5  mic.  in  diameter; 

cells  3.4-8  mic.  in  length;  transverse  walls  conspicu- 
ous P.  coriom 

(c)  Filaments  strongly  flexuous;  trichomes  3-5  mic.  in  diam- 

eter; cells  2-4  mic.  in  length;  transverse  walls  con- 
spicuous P.  papyraceom 

(d)  Plant  mass  membranaceous,  mucous;  trichomes  5-6.5 

mic.  in  diameter,  interrupted;  apex  of  trichome 
straight,  obtuse;  transverse  walls  sometimes  finely 
granulated  P.  intermptum 

(e)  Plant  mass  thin;  trichomes  16-18  mic.  in  diameter,  fre- 

quently interrupted  P.  naveanum 

B    Apical  cell  not  or  scarcely  tapering,  truncate 
a    Sheaths  thin,  fragile,  soon  diffluent;  trichomes  4.5-12  mic. 

in  diameter;  cells  4-9  mic.  in  length    P.  retsii 
b    Sheaths  firm,  or  mucous  and  diffluent,  at  times  thick  and 
lamellose;  trichomes  4-6  mic.  in  diameter;  cells  1.5-2.7 
mic.  in  length  P.  ambiguum 

(2)  Apex  of  trichome  straight,  capitate 

A    Trichomes  slightly  constricted  at  joints  P.  aabmembranace- 
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B    Trichomes  not  constricted  at  joints 
a    Plants  epiphytic,  living  in  salt  water;  trichomes  4-4.5  mic. 
in  diameter,  irregularly  curved,  very  rarely  straight;  apex 
of  trichome  gradually  tapering;  cells  4-11  mic.  in  length 

P.  laysanente 

b  Plants  living  in  warm  or  fresh  water;  trichomes  4.5-9  mic; 
in  diameter,  elongate,  flexuous;  apex  of  trichome  gradu- 
ally tapering;  cells  3-7  mic.  in  length 

P.  f ayotmn 

c  Plants  living  in  warm  or  fresh  water;  trichomes  6-8  mic.  in 
diameter,  apex  of  trichome  scarcely  tapering;  apical  cell 
oblique,  depressed,  conical  P.  calidum 

d  Plants  living  in  fresh  water;  trichomes  5.5-11  mic.  in  diam- 
eter, straight,  fragile;  apex  of -trichome  briefly  tapering; 
apical  cell  straight,  conical;  cells  2-4  mic.  in  length 

P.  lObflMCIllIl 

(3)    Apex  of  trichome  more  or  less  curved,  capitate 
A    Plant  mass  blue-green  or  dark  brown 
a    Plants  living  in  fresh  water;  trichomes  6-9  mic  in  diameter; 
apex  of  trichome  curved  or  briefly  spiraled 

P.  ondnatnm 

b  Plants  living  on  damp  soil  or  on  rocks,  rarely  under  water; 
trichomes  4-7  mic.  in  diameter;  apex  of  trichome  scarcely 
curved,  sometimes  straight  P.  autnmnale 

B    Plant  mass  dark  purple  P.  tetchellianom 

Genus  LYNGBYA 
Piatt  XX,  Pig.  37 
Filaments  free,  unbranched,  free-floating  or  forming  a  densely  intri- 
cate floccose  or  expanded  mass;  sheaths  firm,  of  variable  thickness,  some- 
times lamellose,  colorless  or  rarely  yellowish  brown;  trichomes  some- 
times constricted  at  the  joints,  either  obtuse  or  slightly  tapering  at  the 
apices;  outer  wall  of  apical  cell  sometimes  thickened  forming  a  calyptra. 
I.    Trichomes  not  more  than  2  mic.  in  diameter 
1    Plants  living  in  salt  water,  epiphytic;  transverse  walls  marked  by 
two  refringent  granules 

(1)  Filaments  1.5  mic.  in  diameter,  trichomes  .5  mic.  in  diameter, 

cylindrical,  not  constricted  at  joints;  cells  1.5  mic.  in  length 

L.  mudcola 

(2)  Filaments  1.5-2  mic.  in  diameter;  sheaths  very  thin,  scarcely 

visible;  cells  2-7  mic  in  length  L.  perelegans 
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2    Plants  living  in  fresh  water 

(1)  Sheaths  thin,  colorless 

A    Filaments  coiled  or  spiraled 
a    Filaments  coiled;  trichomes  .8  mic.  in  diameter,  constricted 
at  joints;  cells  2.3-32  mic  in  length 

L.  rivnlariarum 

b  Filaments  more  or  less  regularly  spiraled,  sometimes 
straight;  trichomes  2  mic.  in  diameter;  cells  12-3  mic.  in 
length  L.  lagerheiiiiti 

B    Filaments  straight  or  curved 
a    Filaments  1.9  mic.  in  diameter;  apex  of  trichome  bluntly 
rounded;  cells  quadrate  or  a  little  longer  than  diameter 

L.  nana 

b  Filaments  solitary  and  scattered;  trichomes  1.5-1.8  mic.  in 
diameter,  somewhat  flexuous;  cells  up  to  3.6  mic.  in  length 

L.  aabtilis 

c  Filaments  1.8  mic.  in  diameter,  at  first  attached,  afterwards 
free,  short,  straight  or  slightly  curved;  cells  about  equal 
in  length  to  the  diameter  L.  dUtincta 

(2)  Sheaths  more  or  less  thick  and  gelatinous 

A  Plant  mass  ochre-yellow  in  color;  sheaths  at  first  thin,  color- 
less, later  thick  and  yellowish;  trichomes  .9  mic.  in  diam- 
eter, especially  constricted  at  joints,  frequently  interrupted 

L.  ocfaracea 

B  Plant  mass  rust-colored;  sheaths  at  first  thin,  colorless,  later 
thicker  and  rust-colored;  trichomes  .8-.9  mic.  in  diameter, 
not  constricted  at  joints,  continuous 

L.  ferruginea 

II.     Trichomes  2-6  mic.  in  diameter;  sheaths  usually  thin  and  colorless, 
sometimes  becoming  thick  and  yellowish 
1     Plants  living  in  salt  water,  sometimes  in  brackish,  fresh  or  hot 
water 

(1)  Filaments  coiled,  densely  entangled;  sheaths  thin,  colorless, 

later  becoming  thick  and  lamellose;  trichomes  2.5-6  mic.  in 
diameter,  not  constricted  at  joints;  cells  1.5-5.5  mic.  in  length 

L.  Itttea 

(2)  Plants  living  in  salt  water,  epiphytic;  sheaths  thin,  delicate; 

trichomes  3-4.5  mic.  in  diameter,  constricted  at  joints;  cells 
up  to  13  mic.  in  length  L.  holdenii 
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2    Plants  living  in  fresh  water;  sheaths  usually  thin  and  colorless 

(1)  Plant  mass  caespitose,  light  ^een;  trichomes  2-3  mic.  in  diam- 

eter, not  constricted  at  joints;  cells  1-37  mic.  in  length 

L.  <£igueti 

(2)  Plant  mass  caespitose,  blue-green;  sheaths  delicate,  smooth, 

usually  inconspicuous;  trichomes  3.2-3.5  mic.  in  diameter, 
somewhat  rigid,  forming  tufts  L.  penidUata 

(3)  Plant  mass  dull  blue-green;  trichomes  4-6  mic  in  diameter,  not 

constricted  at  joints;  cells  2.3-3  mic.  in  length 

I«.  migiiieo-€i6ni« 
lea 

(4)  Plants  epiphytic;  filaments  straight  or  sharply  curved  and 

twisted;  trichomes  5-6  mic.  in  diameter,  not  constricted  at 
joints  L.  dadophors 

(5)  Plant  mass  at  first  adherent,  afterwards  free,  rust-colored  on 

the  outside,  olive  green  within;  sheaths  colorless,  sometimes 
yellowish,  slightly  mucous  and  agglutinated,  thick;  trich- 
omes 2.8-3.2  mic.  in  diameter,  not  constricted  at  joints;  cells 
2-6.4  mic.  in  length  L.  verticolor 

III.    Trichomes  5-60  mic.  in  diameter 

1  Plants  living  in  salt  water,  epiphytic;  plant  mass  caespitose 

(1)  Plant  mass  purplish- violet;  trichomes  5-8  mic  in  diameter; 

constricted  at  joints;  ceils  2.8-4.6  mic.  in  length;  cell  con- 
tents rose-colored  L.  gradlit 

(2)  Plant  mass  dull  blue-gfeen;  trichomes  6.5-8  mic.  in  diameter, 

constricted  at  joints;  tells  2-4  mic.  in  length;  cell  contents 
pale  blue-green  L.  meneghiniana 

(3)  Plant  mass  dark  or  dull  yellowish  green;  trichomes  14-31  mic 

in  diameter,  evidently  constricted  at  joints;  cells  4-10  mic 
in  length;  cell  contents  frequently  showing  scattered  coarse 
granules,  olive  green  L.  sordida 

2  Plants  living  in  salt  water;  plant  mass  caespitose,  extended,  mu- 

cous, dull  yellowish  or  dark  green,  when  dried  becoming  dark 
violet;  sheaths  thick 

(1)  Trichomes  5-12  mic.  in  diameter;  apex  of  trichome  slightly 

tapering,  capitate;  cells  2-3  mic.  in  length 

L.  temiplena 

(2)  Trichomes  9-25  mic.  in  diameter;  apex  of  trichome  not  taper- 

ing, not  capitate;  cells  2-4  mic.  in  length 

Ir.  confenroides 
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3  Plants  living  in  salt,  brackish,  fresh  or  warm  water  or  on  moist 

earth 

(1)  Trichomes  8-24  mic.  in  diameter;  apex  of  tricfaome  slightly 

tapering,  capitate;  apical  cell  truncate,  rarely  somewhat 
acute-conical;  cells  2.7-5.6  mic.  in  length 

Lr.  sstuarii 

(2)  Trichomes  16-60  mic.  in  diameter;  apex  of  trichome  not  taper- 

ing, not  capitate;  apical  cell  rotund;  cells  2-4  mic.  in  length 

L.  majuscula 

4  Plants  living  in  fresh  water,  often  in  hot  or  warm  water 

(1)  Plant  mass  csespitose,  dull  or  dark  green  or  blue-green 

A  Sheaths  thickened  and  roughened  with  age;  trichomes  6-10 
mic.  in  diameter,  not  constricted  at  joints;  apex  of  trichome 
not  tapering,  not  capitate;  cells  1.7-3.3  mic.  in  leng^th 

L.  martensiana 
B    Sheaths  colorless,  thin,  papery;  trichomes  7.5-13  mic.  in  diam- 
eter, especially  constricted  at  joints;  apex  of  trichome  not 
tapering,  not  capitate;  cells  3-10  mic  in  length 

L.  patealis 
C    Sheaths  colorless,  thick,  roughened;  trichomes  11-16  mic.  in 
diameter,  not  constricted  at  joints;  apex  of  trichome  slight- 
ly tapering,  somewhat  capitate;  cells  2-3.4  mic.  in  length 

L.  major 

(2)  Plant  mass  floating,  olive  green;  filaments  forming  a  regular 

loose  spiral  throughout  the  whole  or  a  portion  of  their 
length;  trichomes  14-16  mic^  in  diameter,  not  constricted  at 
joints;  cells  3.4-6.8  mic.  in  length  L.  spinilinoides 

(3)  Plant  mass  formed  of  loosely  entangled  filaments,  dark  green; 

filaments  15-19  mic  in  diameter;  trichomes  12.5  mic.  in 
diameter;  cells  very  short  L.  arachnoidea 

Genus  SYMPLOCA 

Piatt  XX,  Pig.  38 
Filaments  branched,  ascending  from  a  prostrate  base,  agglutinated 
together  in  erect  or  anastomosing  fascicles,  or  wick-like  bundles,  more 
or  less  procumbent,  coalescing;  false  branches  solitary;  sheaths  thin, 
colorless,  firm  or  somewhat  mucous;  apex  of  trichome  straight,  some- 
times a  little  tapering;  outer  membrane  of  apical  cell  slightly  thickened 
in  some  species. 

I.     Plants  living  in  salt  water 
1     Fascicles  erect 

(1)     Plant  mass  blackish  green;  trichomes  4-6  mic.  in  diameter, 
constricted  at  joints  throughout  entire  length 

S.  atlantica 
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(2)    Plant  mass  dull  or  dark  lead-colored;  trichomes  6-14  mic.  in 
diameter,  constricted  at  joints  near  apices 

S.  hydnoides 

2    Fascicles  appressed;  trichomes  1.5-3.5  mic.  in  diameter,  especially 
constricted  at  joints  S.  iMe-viiidis 

II.    Plants  living  on  moist  earth,  or  in  fresh  or  hot  water 

1  Trichomes  1-3  mic  in  diameter 

(1)  Plant  mass  blackish  green;  trichomes  4.6  mic.  in  diameter, 

sometimes  constricted  at  joints  S.  thennalis 

(2)  Plant  mass  compact,  fibrous;  trichomes  1.5-2.5  mic  in  diam- 

eter, not  constricted  at  joints  S.  dabia 

(3)  Plant  mass  blue-green,  changing  to  brown;  trichomes  2-3  mic. 

in  diameter  S.  fuscetcent 

2  Trichomes  3-8  mic  in  diameter 

(1)  Fascicles  short,  erect,  spine-shaped;  trichomes  3.4-4  mic  in 

diameter,  not  constricted  at  joints;  cells  somewhat  quadrate 
or  shorter  than  the  diameter  S.  muralit , 

(2)  Fascicles  tapering  from  a  broad  base  to  a  loose,  somewhat 

penicillate  apex;  trichomes  5.6  mic.  in  diameter;  cells  a  little 
longer  than  their  diameter,  after  division  shorter 

S.  borealis 

(3)  Fascicles  elongate,  usually  procumbent,  spine-shaped;  trich- 

omes 5-8  mic  in  diameter,  not  constricted  at  joints;  cells 
somewhat  quadrate  or  longer  than  the  diameter 

S.  muacorum 

Genus  PORPHYROSIPHON 

Piatt  XX,  Pig.  39 
Filaments  unbranched;  sheaths  firm,  solid,  lamellose,  usually  purple 
or  flesh-colored;  trichomes  solitary  within  the  sheath;  apical  cell  not 
capitate. 

Plant  mass  expanded,  cushion-shaped,  dark  purple;  sheaths  firm, 
finally  becoming  very  thick,  lamellose,  with  the  apex  tapering  and 
fibrillose;  trichomes  8-19  mic  in  diameter;  cells  4.5-12  mic  in  length 

P.  notarisii 

Genus  HYDROCOLEUS 

Piatt  XX,  Pigt.  40.  41 

Plant  mass  forming  a  caespitose  cushion,  very  rarely  hardened  with 
calcium  carbonate,  or  csespitose  but  somewhat  indefinite,  or  even  not 
at  all  caespitose,  but  Phormidium-like;  sheaths  always  colorless,  cylindri- 
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cal,  somewhat  lamellose,  more  or  less  mucous  or  somewhat  amorphous, 
later  entirely  diffluent;  trichomes  few  within  the  sheath,  often  loosely 
Aggregated;  apex  of  trichome  straight,  more  or  less  tapering,  capitate; 
outer  membrane  of  apical  cell  thickened  into  a  calyptra;  cells  shorter  than 
the  diameter  of  the  trichome,  in  Some  species  very  short. 

I.     Plants  living  in  salt  water 

1  Plant  mass  caespitose 

(1)  Plant  mass  green  becoming  violet;  sheaths  cylindrical,  moder- 

ately mucous;  trichomes  14-21  mic.  in  diameter 

H.  comoides 

• 

(2)  Plant    mass    blackish    green;    sheaths    irregular    in   outline, 

strongly  mucous;  trichomes  18-24  mic.  in  diameter 

H.  cantharidotnmt 

2  Plant  mass  csespitose  or  forming  an  expanded  mucous  stratum, 

blackish  green;  sheaths  irregular  in  outline,  strongly  mucous  or 
even  entirely  diffluent;  trichomes  8-16  mic.  in  diameter 

H.  IjmgbyaceiM 

3  Plant  mass  mucous 

(1)  Plant  mass  yellowish  brown  or  dull  green;  sheaths  somewhat 

amorphous  or  entirely  diffluent;  trichomes  14-21  mic.  in 
diameter  H.  gtutinosut 

(2)  Plant  mass  pale  blue-green;  sheaths  agglutinated,  forming  a 

diffluent,  amorphous  layer;  trichomes  25-30  mic.  in  diameter 

H.  hold^nU 
II.     Plants  living  in  fresh  water 

1  Trichomes  6-8  mic.  in  diameter;  apex  of  trichome  gradually  taper- 

ing, evidently  capitate;  cells  somewhat  quadrate  or  one-half  the 
diameter  of  the  trichome  in  length  H.  homoeotrichus 

2  Trichomes  12  mic.  in  diameter;  cells  quadrate  or  two  or  three 

times  shorter  than  the  diameter  H.  ravenelii 

3  Trichomes  16-19  mic.  in  diameter;  apex  of  trichome  somewhat 

tapering,  scarcely  capitate;  cells  2-5   times   shorter  than  the 
diameter  H.  heterotrichus 

Genus  HYPHEOTHRIX 
Plate  XXI,  Pig.  42 
Plants  living  on  moist  earth  or  dripping  rocks;  filaments  prostrate, 
commonly  slightly  branched,  woven  into  a  more  or  less  compact  mass; 
sometimes  hardened  with  calcium  carbonate;  sheaths  always  colorless. 
I.     Filaments  very  much  twisted,  scarcely  flexible,  ruptured  if  disen- 
tangled 
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1  Plant  mass  thin,  somewhat  gelatinous,  papery-membranaceous, 

very  hard  when  dry,  not  encrusted  with  calcium  carbonate; 
sheaths  firm;  trichomes  1-1.7  mic.  in  diameter,  usually  one  or  two 
within  the  sheath  H.  calcicola 

2  Plant    mass    flocculent,    waving,    light    fawn-colored;    filaments 

1.2-1.8  mic.  in  diameter;  sheaths  inconspicuous;  transverse  walls 
not  visible  H.  hinnulea 

3  Plant  mass  forming  a  small  mat;  filaments  1.5-2  mic.  in  diameter; 

sheaths  closely  adherent,  entirely  diffluent 

H.  gloeophila 

4  Plant  mass  thin,  cushion-shaped,  mucous;  filaments  1.8-2.2  mic.  in 

diameter;  sheaths  close  H.  herbacea 

5  Plant   mass   sometimes   expanded,   forming   loosely  interwoven 

masses  or  small  cushion-shaped  clusters;  filaments  3.5-4  mic.  in 
diameter;  sheaths  firm,  close  H.  tenax 

6  Plant  mass  somewhat  spherical,  hollow,  tough,  yellowish  or  light 

straw-colored;  filaments  4-6  mic.  in  diameter;  trichomes  1.5-2 
mic.  in  diameter  H.  bullosa 

7  Plant  mass  compact,  leathery,  brick-colored;  filaments  up  to  7.5 

mic.  in  diameter;  sheaths  wide,  membranaceous,  firm,  homogene- 
ous, smooth;  trichomes  3.2-4  mic.  in  diameter,  here  and  there  in- 
terrupted H.  turicensis 

8  Plant  mass  more  or  less  expanded,  olive  green;  filaments  8-11 

mic.  in  diameter;  sheaths  moderately  wide;  trichomes  3.5  mic. 
in  diameter,  here  and  there  interrupted,  often  constricted  at 
joints  H.  aikensis 

II.     Filaments  long  and  flexible,  disentangled  without  rupturing 

1  Plant  mass  encrusted  with  calcium  carbonate;  trichomes  1-1.7  mic 

in  diameter;  cells  longer  than  the  diameter 

H.  coriacea 

2  Plant  mass  not  encrusted  with  calcium  carbonate;  trichomes  1.5-2 

mic.  in  diameter;  cells  longer  than  the  diameter 

H.  lardacea 

3  Plant  mass  not  encrusted  with  calcium  carbonate;  trichomes  1.5-3 

mic.  in  diameter;  cells  longer  than  the  diameter 

H.  arenaria 

4  Plant  mass  compact,  leathery,  roughened;  trichomes  2.3-2.8  mic 

in  diameter;  cells  a  little  shorter  than  the  diameter 

H.  vulplna 
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5    Plant  mass  membranaceous,  firm,  smooth,  pale  rose  or  dark  red; 
trichomes  5.6-8.3  mic.  in  diameter;  cells  somewhat  quadrate 

H.  paUida 

Genus  SYMPLOCASTRUM 

Plate  XXI,  Fif.  43,  44,  45 

Plants  terrestrial  or  living  on  damp  rocks;  filaments  twisted  and  en- 
tangled, ascending  from  a  prostrate  base,  agglutinated  together  in  erect 
fascicles;  sheaths  colorless. 
I.    Plant  mass  blue-green;  trichomes  1.4-2  mic.  in  diameter,  constricted 
at  the  joints;  cells  shorter  than  the  diameter 

S.  fragUe 
II.    Plant  mass  flesh-colored  or  reddish;  trichomes  1.6-2  mic.  in  diam- 
eter; cells  usually  longer  than  the  diameter 

S.  rubmm 

III.  Plant  mass  gray  or  yellowish;  trichomes  1.9-2.3  mic.  in  diameter; 

cells  longer  than  the  diameter  S.  cospidatum 

IV.  Plant  mass  blackish,  olive  or  lead-colored;  trichomes  3-6  mic.  in 

diameter;  cells  somewhat  quadrate  or  longer  than  the  diameter 

S.  friesU 

Genus  INACTIS 

PUtt  XXI.  Fig.  46 

Plants  growing  in  moist  places  or  in  rivers;  filaments  caespitose, 
often  with  numerous  false  branches,  forming  cushions  which  finally  often 
become  encrusted  with  calcium  carbonate  and  hardened,  zonate  within, 
or  aggregated  into  penicillate^  floating  fascicles;  sheaths  colorless  or 
nearly  so. 
I.    Plant  mass  cushion-shaped,  tufted 

1  Plant  mass  strongly  encrusted  with  calcium  carbonate,  stony;  fila- 

ments straight,  somewhat  simple;  trichomes  1-2  mic.  in  diam- 
eter; cells  somewhat  quadrate  L  pulvinata 

2  Plant  mass  strongly  encrusted  with  calcium  carbonate,  stony;  fila- 

ments slender,  simple  in  basal  portions,  fasciculately  branched 
above;  trichomes  1.4-3  mic.  in  diameter;  cells  somewhat  quadrate 
or  longer  than  the  diameter  I.  fasdculata 

3  Plant  mass  cushion-shaped  or  crustaceous,  not  hardened  with  cal- 

cium carbonate;  filaments  forming  trunk  at  base,  very  much 
branched  in  upper  portions;  trichomes  1-1.5  mic.  in  diameter; 
cells  longer  than  the  diameter  I.  lacustris 

4  Plant  mass  somewhat  hemispherical,  plano-convex;  filaments  more 

or  less  branched,  growing  in  tufts;  cells  two  or  three  times 
longer  than  broad  I.  austini 
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II.    Plant  mass  forming  penicillate  fascicles,  floating 

1  Plant  mass  submerged,  attached;  filaments  very  long;  trichomes 

1.4-2.4  mic.  in  diameter,  constricted  at  joints 

I.  tinctoria 

2  Plant  mass  submerged,  epiphytic  on  other  algae;  trichomes  3-6 

mic.  in  diameter,  usually  constricted  at  joints 

I.  simmonsiae 

3  Plant  mass  submerged,  attached;  filaments  very  long;  trichomes 

6  mic.  in  diameter,  constricted  at  joints        I.  mexicana 

III.     Filaments  solitary,  growing  in  gelatinous  mass  formed  by  other 
algae ;  trichomes  1.5-2  mic.  in  diameter,  not  constricted  at  joints 

L  hawaieniis 

Genus  SCHIZOTHRIX 
Plate  XXI,  Fif.  47 
Plants  living  on  moist  earth  or  in  water,  or  in  inundated  places, 
rarely  entirely  aquatic;  filaments  forming  erect  or  prostrate,  Symploca- 
like  fascicles  or  a  pannose  stratum,  rarely  floating  free;  sheaths  in  the 
besrinning  colorless,  finally  becoming  yellowish  brown,  purplish  pink  or 
bluish. 

I.     Cells  somewhat  quadrate  or  shorter  than  the  diameter 

1  Plant  mass  thin,  encrusted,  often  widely  expanded  or  in  tangled 

tufts  among  other  algae;  sheaths  colorless,  very  transparent; 
trichomes  1-1.5  mic.  in  diameter,  constricted  at  joints;  cells 
somewhat  quadrate  S.  hsralina 

2  Plant  mass  caespitose  or  appressed,  semiorbicular;  sheaths  very 

thick,  lamellose;  trichomes  4-9  mic.  in  diameter,  usually  solitary 
within  the  sheath  S.  thelephoroides 

3  Plant  mass  indefinite,  sheaths  purple,  orange  or  rose-colored; 

trichomes  6-8  mic.  in  diameter,  many  within  the  sheath 

S.  purpurascens 

4  Plant  mass  indefinite,  woolly,  lead-colored;  sheaths  very  thick, 

lamellose;  trichomes,  7.5-8.5  mic  in  diameter 

S.  chalybea 

5  Plant  mass  not  caespitose;  sheaths  yellowish  orange;  trichomes 

7-13  mic.  in  diameter;  cells  somewhat  quadrate  or  twice  as  short 
as  the  diameter  S.  muelleri 

II.     Cells  longer  than  the  diameter 

1     Filaments  very  long;  sheaths  dark  lead-colored,  irregular  in  out- 
line; trichomes  1.7  mic.  in  diameter  S.  braunii 
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2  Filaments  forming  a  loose,  cobwebby  mass  within  sandstone  rock; 
sheaths  cylindrical,  rough,  usually  colorless  and  not  lamellose, 
sometimes  brownish  and  lamellose;  trichomes  3.5-4.8  mic  in 
diameter;  cells  quadrate  or  a  little  longer  than  the  diameter 

S.  rapicola 

Genus  DASYOLCEA 

Plate  XXI,  Pif.  4S 

Sheaths  very  wide,  colorless  or  yellowish  brown;  trichomes  very  few 
within  the  sheath,  very  loosely  aggregated;  apex  of  trichome  straight,  not 
capitate;  cells  often  longer  than  the  diameter. 

Plant  mass  amorphous,  gelatinous;  filaments  twisted,  entangled, 
divided  into  fringes  at  the  apex;  sheaths  sometimes  somewhat  lamellose; 
trichomes  4-6  mic.  in  diameter,  constricted  at  joints;  apex  of  trichome 
sometimes  very  gradually  tapered;  cells  4-13  mic.  in  length;  cell  contents 
coarsely  granular  D.  amorpha 

Genus  MICROCOLEUS 

PUt«  XXI,  Pif.  49 
Plants  living  on  soil,  in  fresh  water  or  sometimes  in  salt  water;  fila- 
ments simple  or  vaguely  branched,  creeping  on  the  ground,  sometimes 
growing  among  other  algae;  sheaths  colorless,  more  or  less  regularly 
cylindrical,  not  lamellose,  in  many  species  finally  difBuent;  trichomes 
many  within  the  sheath  in  well  developed  filaments,  closely  crowded, 
often  twisted  into  rope-like  bundles;  apex  of  trichome  straight,  tapering; 
apical  cell  acute,  rarely  obtuse  conical,  in  one  species  capitate. 
I.    Plants  living  in  salt  water;  apical  cell  not  capitate,  pointed 

1  Trichomes  1.5-2  mic.  in  diameter,  constricted  at  joints 

M.  ten^rimus 

2  Trichomes  2.5-6  mic.  in  diameter,  constricted  at  joints 

M.  chthonoplastes 

II.    Plants  living  on  soil;  apical  cell  capitate  M.  vaginatus 

III.    Plants  living  in  fresh  water;  apical  cell  not  capitate 

1  Sheaths  mucous,  difHuent;  trichomes  4-5  mic.  in  diameter,  especial- 

ly constricted  at  joints  M.  lacustris 

2  Sheaths  somewhat  mucous,  not  or  scarcely  difHuent;  trichomes 

5-7  mic.  in  diameter,  not  constricted  at  joints 

M.  paludosus 

3  Plant  mass  large,  cushion-like;  trichomes  5-6  mic.  in  diameter 

M.  pulvinatus 

4  Sheaths  very  mucous  and  agglutinated;  trichomes  6-10  mic.   in 

diameter,  especially  constricted  at  joints     M.  subtonilosus 
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Genus  CATAONYMBNS 

PUte  XXI,  Pic  so 
Filaments  multicellular,   floating  free,   surrounded  by   thin,   close 
sheaths,  enclosed  in  widely  e^tpanded,  gelatinous  diffluent  envelopes,  sep- 
arating easily  into  fragments  through  the  death  of  cells. 

I.    Gelatinous  envelope  93-100  mic.  in  diameter;  trichomes  up  to  16  mic 
in  diameter,  straight  or  curved  C.  pelagica 

11.    Gelatinous  envelope  150-168  mic.  in  diameter;  trichomes  20-22  mic. 
in  diameter,  spirally  coiled  C.  wpLnliB 

Genus  HALIARACHNE 

Filaments  multicellular,  floating  free,  in  somewhat  globose  or  elon- 
gate, gelatinous  colonies,  arranged  in  two  layers,  radiating  from  the  cen- 
ter, hooked  at  the  apex;  reproduction  by  divisi6n  of  the  colony. 

Colony  lenticular,  450-700  mic.  in  diameter;  apical  cell  possessing  a 
calyptra;  cells  about  8  mic.  in  diameter,  4-7  mic.  in  length;  cell  contents 
showing  gas  vacuoles  H.  lenticularis 

Family  II.    NOSTOCACEiE 

Sheaths  forming  a  more  or  less  distinct  mucous,  gelatinous  or  mem- 
branaceous tegument,  mostly  confluent,  often  not  present;  trichomes  con- 
sisting of  a  single  row  of  uniform  cells,  with  heterocysts,  usually  twisting 
and  entangled,  not  branched,  showing  no  differentiation  of  base  and  apex; 
reproduction  by  means  of  vegetative  division,  hormogones  and  gonidia. 
I.    Sheaths  inconspicuous,  or  mucous  and  diffluent,  or  gelatinous,  firm 
and  thick 
1    Trichomes  flexuous  and  contorted,  forming  a  plant  mass  or  colony 
of  definite  shape 

(1)  Colony  usually  of  a  rounded  or  expanded  character,  gelati- 

nous, made  up  of  dissolved  individual  sheaths,  attached  to 
the  substratum  or  floating  free  in  water;  heterocysts  inter- 
calary Nostoc 

PUte  XXI,  Fig.  51 

(2)  Colony    tubular,    cylindrical;    filaments    somewhat    straight, 

parallel,  agglutinated  Wollea 

Plate  XXI,  Fig.  52 

2    Trichomes  more  or  less  straight,  free,  or  forming  a  thin  mucous 
layer  of  indefinite  shape 
(1)     Heterocysts  and  gonidia  intercalary 
A    Trichomes  free;  cells  disc-shaped;  shorter  than  their  diam- 
eter; gonidia  seriate,  remote  from  the  heterocysts 

Nodularia 

Pig.  53 
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B  Trichomes  naked,  or  with  a  thin  mucous  sheath,  free  or  ag- 
gregated without  order  to  form  a  flocculent  mass;  cells 
equal  to  or  longer  than  their  diameter;  gonidia  solitary,  in 
pairs  or  in  short  series  Anabsna 

Plat*  XXII,  Pic.  S4 

C  Trichomes  short,  aggregated  in  parallel  bundles  to  form  thin, 
feathery,  plate-like  masses  Aphanixomenon 

Pig.  55 

(2)     Heterocysts  terminal  and  the  gonidia  always  contiguous  to 
them  CyUndroapeniiiim 

Pit .  56 

II.  Sheaths  thin,  membranaceous,  persistent;  filaments  free  or  agglutin- 
ated in  a  parallel  manner 

1  Sheaths  not  present;  trichomes  single,  endophytic;  heterocysts 

terminal  Richelia 

Pic.  57 

2  Trichomes  single  within  the  sheath;  heterocysts  intercalary 

Aolosira 

Pic.  58 

3  Trichomes  single  within  the  sheath;  heterocysts  intercalary  and 

terminal  Microchsete 

Plate  XXIII,  Pic.  59 

4  Trichomes  usually  many  within  the  sheath,  forming  a  membran- 

aceous or  filamentous  mass  Hormothmmnioii 

Pic.  60 

Genus  NOSTOC 
Plate  XXI,  Pig.  51 
Plant  mass  or  colony  at  first  globose  or  oblong,  afterwards  assum- 
ing various  forms  (globose,  foliose,  filiform,  bullose)  in  different  species, 
solid  or  hollow,  mucous,  gelatinous  or  leathery,  made  up  of  tangled  trich- 
omes and  their  more  or  less  dissolved  sheaths;  filaments  flexuous,  curved, 
entangled,  coalesced;  sheaths  sometimes  distinct,  sometimes  invisible; 
trichomes  often  torulose;  cells  depressed  spherical,  barrel-shaped  or  cylin- 
drical; heterocysts  intercalary  and  (in  younger  plants)  terminal;  gonidia 
spherical  or  oblong,  developed  centrifugally  in  series  between  the  hetero- 
cysts. 
I.    Plants  living  in  fresh  water;  forming  minute,  disc-shaped  specks  or 
patches  on  aquatic  plants;  plant  mass  growing  at  the  periphery; 
filaments  closely  contorted  N.  cuticulare 

II.  Plants  living  in  fresh  water,  microscopic,  granular,  aggregated,  hav- 
ing the  appearance  of  Aphanocapsa;  filaments  very  closely  en- 
tangled; trichomes  scarcely  distinct  N.  punctiforme 
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III.  Plants  living  in  fresh  water,  very  minute;  trichomes  2-3.5  mic.  in 

diameter,  distinct 

1  Plant  mass  very  minute,  punctiform;  filaments  loosely  flexuous; 

trichomes  3-3.5  mic.  in  diameter;  gonidia  about  4  mic.  in  diam- 
eter, 6-8  mic.  in  length,  oblong  N.  paludosum 

2  Plant  mass  small,  adherent,  somewhat  globose;  orange  or  green; 

trichomes  2-2.5  mic.  in  diameter,  very  short,  strongly  curved 

N.  aureum 

3  Plant  mass  small,  gelatinous,  membranaceous,  soft,  green,  blue- 

green  or  brownish;  trichomes  3-4  mic.  in  diameter,  flexuously 
curved,  somewhat  densely  entangled  N.  comminntam 

IV.  Plants  living  in  fresh  water;  plant  mass  large,  gelatinous,  fragile, 

at  first  spherical,  afterwards  becoming  torn  and  irregularly  ex- 
panded 

1  Filaments   numerous,  abruptly  contorted,  entangled;   trichomes 

3.5-4  mic.  in  diameter;  gonidia  6-7  mic.  in  diameter,  7S  mic.  in 
length  N.  linckia 

2  Filaments  flexuous,  loosely  entangled 

(1)  Gonidia  &7  mic.  in  diameter,  spherical;  wall  of  gonidium 

smooth;  trichomes  4  mic.  in  diameter    N.  pisdnale 

(2)  Gonidia  olong;  wall  of  gonidium  smooth 

A  Trichomes  4-4.2  mic.  in  diameter;  gonidia  6-8  mic.  in  diam- 
eter, 7-10  mic.  in  length,  contiguous;  wall  of  gonidium  be- 
coming brownish  or  colorless  N.  rivulare 

B  Trichomes  3.5-4  mic.  in  diameter;  gonidia  6  mic.  in  diameter, 
8-10  mic  in  leng^th,  not  contiguous;  wall  of  gonidium  color- 
less N.  cameum 

C  Trichomes  4  mic  in  diameter;  cells  different  in  shape,  some 
cylindrical,  others  barrel-shaped  or  spherical  depressed; 
gonidia  6-7  mic.  in  diameter,  10-12  mic  in  length,  not  con- 
tiguous; wall  of  gonidium  colorless  or  becoming  yellowish 

N.  spongiseforme 

V.     Plants  living  on  soil;  colonies  gelatinous,  soft,  at  first  spherical, 
soon  confluent  and  flattened,  attached  to  soil  or  mosses 
1     Cells  cylindrical;  trichomes  4  mic  in  diameter;  gonidia  6-8  mic.  in 
diameter 

(1)  Gonidia  14-19  mic  in  length;  wall  of  gonidium  smooth 

N.  ellipsosporum 

(2)  Gonidia  8-14  mic.  in  length;  wall  of  gonidium  furnished  with 

short  spines  N.  gelatinosum 
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2    Cells  oval,  spherical  or  spherical  depressed 

(1)  Trichomes  3-4  mic  in  diameter;  gonidia  4-8  mic.  in  diameter, 

8-12  mic  in  length,  oblong,  in  a  catenate  series 

N.  mnsconim 

(2)  Trichomes  2.2-3  mic.  in  diameter;  gonidia  4  mia  in  diameter, 

6  mic.  in  length,  oval  N.  hnmifiitnin 

VI.  Plants  living  on  soil,  sometimes  submerged;  colonies  free,  at  first 

spherical,  then  expanding  synmietrically  or  irregularly;  cells 
somewhat  globose 

1  Colonies  gelatinous,  spongy,  lacunose,  somewhat  pellucid,  green, 

olive  or  brownish;  trichomes  4  mic.  in  diameter;  gonidia  7  mic 
in  diameter,  7-10  mic.  in  length,  often  oval;  wall  of  gonidium 
smooth,  colorless  N.  foliaoeum 

2  Colonies  expanded,  irregular  or  orbicular,  very  thin,  small,  mem- 

branaceous, pellucid,  blue-green;  trichomes  4  mic  in  diameter 

N.  ponctatom 

3  Colonies  at  first  spherical,  afterwards  becoming  flattened  and  final- 

ly spreading  out  into  irregular,  membranaceous  sheets;  sur- 
rounded by  a  firm  outer  layer;  trichomes  4-5.6  mic.  in  diameter 

N.  commune 

4  Colonies  free,  spherical,  becoming  irregularly  plicate-tuberculate, 

thick,  solid,  surrounded  by  a  firm  outer  layer;  trichomes  4-5  mic 
in  diameter;  gonidia  5  mic  in  diameter,  7  mic  in  length,  oval; 
wall  of  gonidium  thick,  smooth,  becoming  brownish 

N.  ^hanicom 

5  Colonies  spherical,  finally  becoming  flattened,  membranaceous; 

trichomes  2.5-3  mic.  in  diameter  N.  minutom 

6  Plants  living  in  hot  water;  colonies  indefinitely  expanded,  lacini- 

ate;  filaments  2  mic.  (?)  in  diameter  N.  caUdarinm 

7  Colonies  somewhat  spherical,  small,  very  hard,  sometimes  soft, 

with  surface  often  corrugated;  trichomes  6.5-8.2  mic  in  diam- 
eter N.  austinii 

VII.  Plants  living  on  soil  or  in  fresh  water;  colonies  spherical,  sur- 

rounded by  a  firm  outer  layer 
1     Plants  living  on  soil 

(1)  Colonies  small;  trichomes  8-9  mic.  in  diameter;  gonidia  some- 

what spherical,  two  or  three  times  larger  than  the  cells;  wall 
of  gonidium  thin,  very  smooth  N.  macrosporum 

(2)  Colonies  spherical  or  oblong,  rarely  beyond  1  cm.  in  diam- 

eter, somewhat  pellucid;  trichomes  5-8  mic.  in  diameter; 
gonidia  6-7  mic.  in  diameter,  9-15  mic  in  length,  oval 

N.  microscopicum 
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(3)  Colonies  small  or  of  medium  size,  spherical;  trichomes  4-7 
mic.  in  diameter;  gonidia  6-7  mic  in  diameter,  exactly  spher- 
ical; wall  of  gonidiimi  somewhat  thick,  rough 

N.  ^hseroides 
2    Plants  living  in  fresh  water 

(1)  Colonies  irregularly  somewhat  orbicular,  gregarious  and  some- 

times aj^gregated;  trichomes  5  mic.  in  diameter 

N*  deproMimi 

(2)  Colonies  spherical,  usually  aggregated  in  grape-like  clusters; 

trichomes  3.5-4  mic.  in  diameter  N.  glomeratum 

(3)  Colonies  gregarious,  pellucid,  sky  blue  or  blue-green;  trich- 

omes 5-7  mic  in  diameter;  cells  barrel-shaped 

N.  csemleum 

(4)  Colonies  spherical,  surrounded  by  a  leathery  outer  layer; 

trichomes  4-6  mic  in  diameter  N.  pruniforme 

VIII.  Plants  living  in  fresh  water,  attached;  colonies  somewhat  spher- 
ical, bullate,  rarely  disc-shaped,  surrounded  by  a  firm  outer 
layer;  trichomes  slender 

1  Trichomes  3-3.5  mic.  in  diameter,  especially  cylindrical;  gonidia  5 

mic  in  diameter,  7  mic.  in  length;  wall  of  gonidium  smooth 

N.  verrucosum 

2  Trichomes  2-3  mic.  in  diameter,  distinctly  torulose;  gonidia  3-4 

mic  in  diameter,  5-6  mic  in  length;  wall  of  gonidium  smooth, 
brown  N.  amplissimum 

3  Filaments    radiating   from    the    center,    flexuous,    very    densely 

twisted  and  entangled  near  the  surface;  trichomes  4-4.5  mic.  in 
diameter;  gonidia  4-5  mic.  in  diameter,  7-8  mic.  in  length,  oval; 
wall  of  gonidium  smooth,  yellowish  N.  parmelioides 

Genus  WOLLEA 
Plate  XXI,  Pif.  52 
Plant  mass  or  colony  tubular,  cylindrical,  somewhat  membranace- 
ous, soft;  filaments  somewhat  straight,  parallel  or  slightly  curved,  ag- 
glutinated; sheaths  confluent;  heterocysts  intercalary;  gonidia  catenate, 
contiguous  to  the  heterocysts  or  remote  from  them. 

Trichomes  4-5  mic  in  diameter,  numerous,  erect,  parallel  or  slightly 
curved;  cells  oblong  or  cylindrical,  closely  connected;  heterocysts  6  mic. 
in  diameter,  oval  or  somewhat  spherical,  yellow  or  pale  orange;  gonidia  7 
mic  in  diameter,  15-22  mic.  in  length,  numerous,  cylindrical,  catenate 

W.  saccata 


Digitized  by  VjOOQIC 


236  JOSEPHINE  E.  TILDEN 

Genus  NODULARIA 
Plat*  XXI,  Pic.  SS 
Filaments  free;  sheaths  colorless*  close,  usually  thin,  mucous,  some- 
times diffluent;  trichomes  more  or  less  straight;  cells  short,  depressed, 
disc-shaped;  heterocysts  depressed;  gonidia  spherical,  somewhat  spher- 
ical or  disc-shaped,  developed  in  series  between  the  heterocysts;  wall  of 
gonidium  smooth. 
I.    Trichomes  less  than  8  mic.  in  diameter 

1  Filaments  4-6  mic.  in  diameter;  gonidia  6-8  mic.  in  diameter,  some- 

what spherical  N.  hanreyana 

2  Filaments  6-7  mic.  in  diameter;  gonidia  7-10  mic.  in  diameter, 

spherical  depressed  N.  sphaerocarpa 

3  Trichomes  6-8  mic.  in  diameter;  cells  short,  about  half  as  long  as 

wide  N.  paludoam 

II.    Filaments  more  than  8  mic.  in  diameter 

1  Trichomes  7.5-9.5  mic.  in  diameter;  cells  nearly  as  long  as  broad 

before  division  N.  hawaiientis 

2  Filaments  10-11  mic.  in  diameter;  gonidia  10-12  mic  in  diameter,  9 

mic.  in  length,  spherical  depressed,  in  series 

N.  armorica 

3  Filaments  8-18  mic.  in  diameter;  gonidia  12-15  mic.  in  diameter, 

6-10  mic.  in  length;  somewhat  spherical  or  elliptical 

N.  spnmigena 

4  Trichomes  (?)  33-38  mic.  in  diameter;  cells  short 

N.  mainensift 

Genus  ANABiBNA 
PUte  XXII,  Pig,  54 
Sheaths  not  present  or  when  present  often  diffluent;  trichomes  equal 
throughout  or  tapering  at  the  apices,  usually  rigid  and  fragile,  sometimes 
circinate,  free  or  aggregated  without  order  to  form  a  flocculent  mass;  cells 
equal  to  or  longer  than  their  diameter;  apical  cells  sometimes  conical; 
heterocysts  numerous  and  intercalary;  gonidia  variously  disposed,  some- 
times solitary,  sometimes  lying  on  each  side  of  a  heterocyst,  rarely  in 
short  catenate  series. 
I.    Gonidia  oval  or  spherical 

1  Gonidia  oval  or  barrel-shaped,  remote  from  the  heterocysts  in 

catenate  series 

(1)  Wall  of  gonidium  smooth  A.  variabilia 

(2)  Wall  of  gonidium  papillose  A.  halleniis 

2  Gonidia  spherical,  contiguous  to  heterocysts,  solitary  or  in  short 

series,  12-20  mic.  in  diameter  A.  sphaerica 
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II.    Gonidia  variously  disposed,  sometimes  contiguous  to  heterocysts, 
sometimes  remote  from  them,  cylindrical,  straight  or  curved 

1  Trichomes  usually  circinate;  gonidia  curved,  obliquely  truncate  at 

the  apices 

(1)  Gonidia  7-13  mic.  in  diameter,  20-50  mic.  in  length,  curved, 

oblique,  inequilateral,  contiguous  to  or  rarely  remote  from 
the  heterocysts;  wall  of  gonidium  smooth,  colorless  or  yel- 
lowish; trichomes  4-8  mic.  in  diameter 

A.  flos-aqutt 

(2)  Gonidia  16-18  mic.  in  diameter,  up  to  30  mic.  in  length,  curved, 

oblique  or  cylindrical,  the  younger  ones  somewhat  spherical, 
usually  remote  from  the  heterocysts;  wall  of  gonidium 
smooth,  colorless;  trichomes  8-14  mic.  in  diameter 

A.  cirdnalis 

2  Trichomes  straight;  gonidia  cylindrical,  straight,  usually  remote 

from  the  heterocysts,  solitary  or  in  series 

(1)  Trichomes  4-5  mic.  in  diameter;  sheaths  sometimes  present; 

gonidia  14-17  mic.  in  length  A.  in»qualis 

(2)  Trichomes  5-8  mic.  in  diameter;  sheaths  occasionally  present; 

gonidia  7-10  mic.  in  diameter,  up  to  30  mic.  and  more  in 
length  A.  catennla 

(3)  Trichomes  4.2-6  mic.  in  diameter;  sheaths  present;  gonidia  6 

mic  in  diameter,  14-20  mic.  in  length      A.  laxa 
III.    Gonidia  contiguous  to  heterocysts  on  each  side,  developed  cen tripe- 
tally,  cylindrical  or  somewhat  cylindrical 

1  Gonidia  7-12  mic.  in  diameter,  18-28  mic.  in  length,  short,  some- 

what cylindrical,  often  slightly  constricted  in  the  center;  apical 
cell  conical  A.  toruloam 

2  Gonidia  8-10  mic.  in  diameter,  20-40  mic.  in  length,  especially  cylin- 

drical; apical  cells  obtuse  A.  oscillarioides 

3  Gonidia  15-20  mic.  in  diameter,  50-90  mic.  in  length,  cylindrical  or 

more    commonly    tapering   slightly    from   the    middle    to    the 
rounded  ends  A.  bornetiana 

Genus  APHANIZOMBNON 

PUte  XXII,  Pif.  55 

Colonies  thin,  feathery,  plate-like  or  spindle-shaped  bundles,  blue- 
grreen,  floating;  sheaths  not  present;  trichomes  short,  tapering  at  the  ends, 
agglutinated;  heterocysts  scattered;  gonidia  cylindrical,  much  elongated, 
solitary,  developed  sparingly  between  the  heterocysts. 

Colonies  small,  aggregated  in  membranaceous  flakes,  fragile;  trich- 
omes 5-6  mic.  in  diameter,  rigid;  cells  somewhat  quadrate,  5-15  mic.  in 
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length;  heterocysts  6-7  mic.  in  diameter,  15-20  mic.  in  length,  somewhat 
cylindrical;  gonidia  7-8  mic  in  diameter,  6M0  mic  in  length,  containing 
grannlar  protoplasm;  wall  of  gonidium  smooth,  colorless 

A.  flot-aqnse 

Genus  CYLINDROSPERMUM 
put*  XXII,  Pic  ss 
Plant  mass  expanded,  indefinite,  mucous;  sheaths  not  present;  trich- 
omes  equal,  short,  embedded  in  an  amorphous  mucus;  cells  cylindrical, 
longer  than  their  diameter;  heterocysts  terminal,  solitary;  gonidia  devel- 
oped from  the  cell  or  cells  next  the  heterocyst,  generally  solitary,  rarely 
seriate. 
I.    Gonidia  solitary 

1  Gonidia  cylindrical,  up  to  40  mic  in  length 

(1)  Gonidia  10-16  mic.  in  diameter,  32-40  mic  in  length 

C  ttagnale 

(2)  Gonidia  11-12  mic.  in  diameter,  23-24  mic.  in  length 

C.  comatom 

2  Gonidia  oblong  or  ventricose-ellipttcal 

(1)  Wall  of  gonidium  punctate 

A    Gonidia  10-15  mic  in  diameter,  20-38  mic.  in  length,  ventri- 
cose-elliptical;  wall  of  mature  gonidium  rough,  punctate 

C.  majtts 

B    Gonidia  6-6.5  mic  in  diameter,  16-19  mic  in  length,  elliptical; 
wall  of  gonidium  very  finely  granular 

C.  minutom 

(2)  Wall  of  gonidium  smooth 

A    Gonidia  8-9  mic.  in  diameter,  18-20  mic.  in  length 

C.  minutissimam 

B     Gonidia  9-12  mic  in  diameter,  18-20  mic  in  length 

C.  musdcola 

C    Gonidia  12-14  mic  in  diameter,  20-38  mic  in  length 

C.  licheniforme 

II.    Gonidia  seriate  C.  catenatum 

Genus  RICHELIA 
Plate  XXII,  Pif.  57 
Sheaths  not  present;  trichomcs  single,  endophytic;  heterocysts  soli- 
tary, situated  at  the  base  of  the  trichome. 

Trichomes  5.6-9-8  mic.  in  diameter,  50-105  mic.  in  length,  short, 
straight  or  nearly  straight,  thickened  at  the  apices;  heterocysts  9.8-11.2 
mic.  in  diameter  R.  intracellnlaris 
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Genus  AULOSIRA 
Plat*  XXII»  Pif.  58 
Filaments  free,  equal,  scattered  or  in  fascicles;  sheaths  membranace* 
ons,  close;  cells  cylindrical  or  barrel-shaped;  heterocysts  intercalary;  gon- 
idia  developed  at  intervals  between  the  heterocysts,  remote  from  or  conti- 
guous to  them,  cylindrical,  in  catenate  series. 

Filaments  10-11  mic.  in  diameter;  trichomes  9.5  mic.  in  diameter; 
cells  3  mic.  in  length;  heterocysts  usually  9.5  mic  in  diameter,  11  mic 
in  length,  always  intercalary  A.  tchmiinalandil 

Genus  MICROCHJBTB 

put*  XXIII,  Pif.  St 
Plants  small,  living  in  fresh  or  salt  water,  aggregated  into  star- 
shaped  or  cushion-shaped  tufts;  filaments  unbranched,  erect,  attached  at 
the  base;  sheaths  present;  trichomes  single  within  the  sheath;  heterocysts 
basal  and  intercalary;  gonidia  developed  from  the  lower  cells. 
I.    Plants  living  in  fresh  water;  heterocysts  basal  and  intercalary 

1  Filaments  4.4-5.1  mic.  in  diameter;  sheaths  colorless,  wide 

M.  temiissima 

2  Filaments  10  mic.  in  diameter;  sheaths  simple,  thin,  close 

M.  tcncra 

3  Filaments  16-18  mic.  in  diameter;  sheaths  at  first  thin,  later  be- 

coming lamellose,  colorless  M.  robasta 

II.    Plants  living  in  salt  water;  heterocysts  basal 

1  Plant  mass  densely  csespitose;  filaments  6-7  mic.  in  diameter,  thick- 

ened into  a  bulb  at  the  base  M.  grisea 

2  Plant  mass  loosely  cxspitose;  filaments  7-9  mic.  in  diameter,  flex- 

uous,  scarcely  thickened  at  base  M.  vitiensit 

Genus  HORMOTHAMNION 

PUte  XXIII,  Pif.  60 
Plant  mass  formed  from  filaments  growing  together  in  a  longitudinal 
manner,  sometimes  developing  as  an  expanded  layer,  sometimes  erect, 
filiform,  torn  and  branched,  not  surrounded  by  a  common  gelatinous  tegu- 
ment; sheaths  membranaceous,  thin,  often  diffluent,  colorless;  trichomes 
moniliform;  usually  many  within  the  sheath;  heterocysts  intercalary;  go- 
nidia not  known. 

I.     Plant  mass  fioccose,  entangled;  trichomes  9-12  mic.  in  diameter 

H.  solutum 

II.     Plant  mass  erect,  csespitose,  resembling  Symploca;  trichomes  6-7 
mic.  in  diameter  H.  enteromorphoi- 

des 
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Family  IIL    SCYTONEMACEiE 

Filaments  branched;  false  branches  formed  by  the  perforation  of  the 
sheath  by  the  trichome  which  thereupon  issues  as  one  or  two  long,  flex- 
uoos  branches  each  developing  a  sheath  of  its  own;  sheaths  homogeneous 
and  colorless,  or  lamellose  and  yellowish  or  brownish,  firm,  tubular;  trich- 
omes  consisting  of  a  single  row  of  cells,  one  or  more  included  in  a  sheath; 
heterocysts  and  gonidia  variously  disposed;  reproduction  by  means  of 
vegetative  division,  hormogones  and  gonidia. 

I.    Trichomes  single  within  the  sheath 

1  Heterocysts  not  present;  filaments  free  or  forming  felt-like  masses, 

branched;  false  branches  often  in  pairs        Plectonema 

put*  XXIV,  Pif.  61 

2  Heterocysts  present 

(1)  False  branches  usually  arising  between  two  heterocysts,  single 

or  in  pairs;  sheaths  delicate  or  very  thick,  parallel,  or  more 
or  less  diverging  towards  the  apex        Sc3rtonema 

Plate  XXV,  Pig.    62 

(2)  False  branches  usually  arising  in  the  immediate  region  of  the 

heterocysts,  single;  sheaths  somewhat  thin,  flexible,  more  or 
less  fragile  Tolypothrix 

Pif.  63 

II.    Trichomes  or  filaments  several  within  the  sheath 

1  Filaments  straight,  associated  in  tufts;  sheaths  thin;  trichomes 

two  or  more  within  the  sheath;  heterocysts  basal 

Desmonema 

Pig.  64 

2  Filaments  several  contorted  within  a  common  tegument,  asso- 

ciated  in  a  gelatinous  stratum;  trichomes   single   within  the 
sheath  Diplocolon 

Pig.  65 

Genus  PLECTONEMA 

Plat*  XXIII,  Pig.  61 

Filaments  free  or  forming  felt-like  masses,  branched;  false  branches 

solitary  or  in  pairs;  sheaths  firm,  colorless  or  rarely  yellowish  orange; 

trichomes  frequently  constricted  at  the  joints;  apex  of  trichome  straight, 

very  rarely  tapering;  calyptra  none. 

I.     Plants  large,  caespitose;  trichomes  3  mic.  and  more  in  diameter 

1  Plant  mass  caespitose,  rotund,  light  green;  trichomes  5-10  mic.  in 

diameter,  here  and  there  constricted  at  joints 

P.  tenne 

2  Plant  mass  caespitose,  indefinite,  brownish  green;  trichomes  11-22 

mic.  in  diameter  P.  tomasinianum 
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3  Plant  mass  widely  expanded,  indefinite,  blackish,  rarely  yellowish 
green;  trichomes  28-47  mic.  in  diameter,  not  constricted  at 
joints  P.  wollci 

II.    Plant  mass  very  thin,  not  csespitose;  trichomes  1-4  mic.  in  diam- 
eter 

1  Filaments  somewhat  flexuous,  immersed  in  dead  shells;  trichomes 

.9-1.5  mic.  in  diameter,  not  constricted  at  joints 

P.  terebrans 

2  Filaments  somewhat  straight,  growing  among  various  gelatinous 

algs;  trichomes  1-1.5  mic.  in  diameter  P.  nostocomm 

3  Filaments  usually  strongly  flexuous,  densely  entangled  in  a  rose- 

colored  membrane;  trichomes  1.2-1.8  mic.  in  diameter 

P.  roseolum 

4  Filaments  long,  entangled,  flexuous,  much  branched,  forming  a 

rose-colored  or  reddish  brown  mass  adhering  to  rocks  or  larger 
algse;  trichomes  1.2-2  mic.  in  diameter  P.  golenkinianum 

5  Filaments  very  long,  entangled  in  dense  balls;  trichomes  2-2.5  mic. 

in  diameter  P.  calothrichoides 

6  Filaments   long,  flexuous,  much   branched,   forming  a  black  or 

brownish  green  mass;  trichomes  2-3.5  mic.  in  diameter 

P.  battersii 

Genus  SCYTONEMA 

PUt«  XXIV,  Fig.  62 

Filaments  branched;  false  branches  usually  arising  between  two 
heterocysts,  solitary  or  in  pairs,  formed  by  the  lateral  perforation  of  the 
sheath  by  the  trichome;  trichomes  single  within  the  sheath,  straight; 
hormogones  terminal,  solitary;  gonidia  spherical  or  oval,  observed  in  a 
few  species;  wall  of  gonidium  thin,  smooth. 

I.    Sheaths  homogeneous  or  formed  of  parallel  layers 

1  Plants  living  in  fresh  water 

(1)  Filaments  5-8  mic.  in  diameter  S.  conchophilnm 

(2)  Filaments  12-16  mic.  in  diameter  S.  arcangelii 

(3)  Filaments  18-24  mic.  in  diameter  S.  coactile 

(4)  Filaments  about  30  mic.  in  diameter  S.  rivulare 

(5)  Filaments  36  mic.  in  diameter  S.  ocddentale 

(6)  Filaments  16-36  mic.  in  diameter  S.  crispam 

2  Plants  living  in  warm  water 

(1)  Filaments  16  mic.  in  diameter  S.  cald^ium 

(2)  Filaments  25  mic.  in  diameter  S.  azureum 
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3    Plants  living  on  soil,  rocks,  or  bark,  not  submerged 

(1)  Filaments  7-15  mic.  in  diameter  S.  hofmamd 

(2)  Filaments  9-15  mic.  in  diameter  S.  Tariiim 

(3)  Filaments  12-15  mic.  in  diameter  S.  jaTaniciim 

(4)  Filaments  10-18  mic.  in  diameter  S.  oceUatnm 

(5)  Filaments  np  to  20  mic.  in  diameter  S.  intertextom 

(6)  Filaments  15-20  mic.  in  diameter  S.  anstinii 

(7)  Filaments  15-21  mic.  in  diameter;  cells  compressed 

S.  miUd 

(8)  Filaments  15-21  mic.  in  diameter;  cells  somewhat  quadrate  or 

elongate  S.  guyanense 

(9)  Filaments  19-24  mic  in  diameter  8.  amplnm 

(10)  Filaments  20-25  mic.  in  diameter  S.  wolleanum 

(11)  Filaments  16-30  mic.  in  diameter  S.  stupotum 

II.    Sheaths  lamellose,  with  diverging  layers;  plants  usually  living  on 
soil  or  rocks,  not  submerged 

1  Filaments  10-15  mic  in  diameter  S.  tolypotrichoidet 

2  Filaments  12-18  mic.  in  diameter  S.  flavo-viride 

3  Filaments  15-21  mic  in  diameter  S.  mirabile 

4  Filaments  18-36  mic  in  diameter  S.  myochrons 

5  Filaments  40-75  mic  in  diameter  S.  badium 

III.  Sheaths  thick,  lamellose,  fbrming  wings  or  membranaceous  expan- 
sions (ocreae);  branches  in  basal  portion  of  filament  issuing  in 
pairs,  those  in  the  upper  portion  solitary 

1  Plants  living  in  water 

(1)  Plants  living  in  salt  water;  filaments  28-50  mic  in  diameter 

S.  fuliginosum 

(2)  Plants  living  in  fresh  water,  on  dripping  rocks  or  submerged 

S.  alatnm 

2  Plants  living  on  damp  rocks  or  on  bark 

(1)  Filaments  12-16  mic  in  diameter  S.  junipericc^um 

(2)  Filaments  15-30  mic  in  diameter  S.  cmstacemn 

(3)  Filaments  24-40  mic.  in  diameter  S.  densum 

Genus  TOLYPOTHiaX 
Plat*  XXIV,  Plf.  6S 
Filaments  branched;  false  branches  usually  arising  in  the  immediate 
region  of  the  heterocysts,  rarely  between  two  heterocysts,  single;  sheaths 
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somewhat  thin,  flexible,  more  or  less  fragile;  gonidia  spherical,  oval  or 
elliptical,  often  many  in  a  series;  wall  of  gonidium  smooth,  thin. 
I.    Sheaths  thin 

1  Plants  living  in  water 

(1)  Filaments  8-10  mic.  in  diameter  T.  tennis 

(2)  Filaments  9-12.5  mic.  in  diameter  T.  lanata 

(3)  Filaments  10-15  mic.  in  diameter  T.  distorta 

(4)  Filaments  12-17  mic.  in  diameter  T.  penidllata 

2  Plants  living  in  moist  places 

(1)  Filaments  10-15  mic.  in  diameter  T.  bjrssoidea 

(2)  Filaments  15-25  mic.  in  diameter  T.  raveneUi 
II.    Sheaths  thick 

1  Plants  living  in  water 

(1)  Filaments  5-6  mic.  in  diameter  T.  setchellii 

(2)  Filaments  12-15  mic  in  diameter  T.  limbata 

2  Plants  living  in  moist  places;  filaments  12-15  mic  in  diameter 

T.  mpestris 

Genus  DBSMONEMA 

Plate  XXIV,  Fig.  64 

Plant  mass  caespitose,  penicillate;  filaments  somewhat  dichotomously 

divided,  straight;  sheaths  thin;  trichomes  two  or  more  within  the  sheath; 

heterocysts  basal;  gonidia  large,  oval  or  elliptical,  single  or  in  short  series; 

wall  of  gonidium  somewhat  thick. 

Plant  mass  5-6  mm.  in  height,  formed  of  penicillate  fascicles;  fila- 
ments erect,  repeatedly  sub-dichotomously  branched;  trichomes  9-10  mic 
in  diameter,  constricted  at  the  joints;  cells  three  times  shorter  than  the 
diameter;  heterocysts  one,  two  or  none  D.  wrangelii 

Genus  DIPLOCOLON 

PUte  XXIV.  Fls.  6S 

Plant  mass  gelatinous,  terrestrial;  colonies  irregular  in  shape,  con- 
stricted, somewhat  club-shaped;  filaments  several,  contorted  within  a 
common  tegument,  branched;  false  branches  solitary  or  in  pairs,  usually 
arising  between  two  heterocysts,  but  rarely  in  the  immediate  region  of  the 
heterocysts;  trichomes  single  within  the  sheath. 

Colonies  club-shaped,  gelatinous,  irregularly  dilated,  up  to  1  nmi.  in 
thickness,  yellowish  brown;  filaments  20-28  mic.  in  diameter;  trichomes 
constricted  at  joints;  cells  and  heterocysts  6-10  mic  in  diameter,  some- 
what spherical  D.  hei^ 
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Family  IV.    STIGONEMACEiE 

Filaments  free,  rarely  laterally  aggregated,  scattered,  frequently 
branched;  sheaths  thick,  firm,  often  irregular;  trichomes  consisting  of  one 
or  several  rows  of  cells,  with  heterocysts;  heterocysts  often  lateral,  some- 
times intercalary;  reproduction  by  means  of  vegetative  division,  hormo- 
gones  and  gonidia. 

I.    Sheaths  distinct,  definite 

1  Filaments  free 

(1)  Trichomes  consisting  of  one  row  of  cells 

A    Branches  of  two  kinds,  the  one  cylindrical,  the  other  flagel- 
liform;  heterocysts  terminal  or  lateral 

Mastigocoleus 

PUte  XXIV,  Pif.  66 
6    Branches  unilateral,  usually  tapering  at  the  apex;  heterocysts 
intercalary  Hapalosiphoii 

Plate  XXV,  Pif.  67 

(2)  Trichomes  consisting  of  one  to  several  rows  of  cells 
A    Branches  unilateral,  thin,  finally  forming  hormogones 

Fischerella 

Pigs.  68,  69 

B    Branches  scattered;  hormogones  formed  in  the  apices  of  the 
branches  or  in  special  short  branches 

Stigonema 

Pig.  70 

2  Filaments  growing  together  forming  a  cushion-like  mass 

Capsosira 

Pig.  71  • 

II.    Sheaths  confluent  into  a  gelatinous  amorphous  mass 

Nostochopsis 

Plmta  XXVI, 
Pig.  72 

Genus  MASTIGOCOLEUS 

PUte  XXIV,  Pig.  66 

Filaments  free,  irregularly  branched;  branches  of  two  kinds,  the  one 
cylindrical,  the  other  flagelliform,  tapering  off  into  a  hair-like  apex; 
sheaths  continuous;  trichomes,  except  in  the  branches,  single  within  the 
sheath;  heterocysts  single,  rarely  in  pairs,  terminal  or  lateral,  sometimes 
intercalary;  gonidia  unknown;  reproduction  by  means  of  hormogones;  cell 
contents  homogeneous. 

Filaments  6-10  mic.  in  diameter;  trichomes  3.5-6  mic  in  diameter; 
heterocysts  6-18  mic.  wide  and  long;  cell  contents  greenish 

M.  testarum 
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Genua  HAPALOSIPHON 
Plate  XXV,  Pif.  67 
Plant  mass  caespitose-floccose,  thin,  aquatic;   filaments  free,  not 
growing  together  laterally,  branched,  consisting  of  a  single  row  of  cells, 
rarely  of  two  rows,  enclosed  within  a  sheath;  branches  erect,  usually 
about  the  same  thickness  as  the  creeping  primary  filament,  commonly 
unilateral,  long,  flexuous,  very  slightly  tapering;  sheaths  continuous, 
strong,  of  uniform  thickness;  sheaths  of  the  branches  thinner  than  those 
of  primary  filaments,  usually  colorless;  heterocysts  intercalary;  wall  of 
gonidinm  thick,  yellowish  brown« 
I.    Plants  living  in  fresh  water 

1  Filaments  decumbent,  branched  on  all  sides;  branches  6-8  mic.  in 

diameter;  cells  elliptical  depressed  H.  fleznotos 

2  Plant  mass  caespitose,  orange  brown;  primary  filaments  11.5-12.5 

mic  in  diameter;  trichomes  7.5-8  mic  in  diameter 

H. 


3    Plant  mass  floccose,  caespitose,  dull  blue-green;  primary  filaments 
21-24  mic.  in  diameter  H.  fontinalis 

II.    Plants  living  in  hot  water 

1  Plant  mass  cushion-like,  irregular  or  expanded,  blue-green;  prim- 

ary filaments  3-6  mic.  in  diameter  H.  laminotus 

2  Plant  mass  widely  expanded,  bright  blue-green;  trichomes  3-11 

mic.  in  diameter  H.  major 

III.    Plants  living  on  bark  of  trees 

1  Plant  mass  caespitose,  small,  blue-green;  filaments  4-7  mic  in  diam- 

eter H.  intricatos 

2  Filaments  7-10  mic.  in  diameter;  trichomes  7-9.5  mic  in  diameter 

H.  arboreos 

Genus  FISCHERELLA 

PUte  XXV,  Pigs.  6S.  69 

Plant  mass  forming  a  continuous,  more  or  less  expanded  layer,  ter- 
restrial; filaments  of  two  kinds;  primary  filaments  creeping,  containing 
one  or  two  rows  of  cells,  unilaterally  very  much  branched;  branches  or 
secondary  filaments  erect,  elongate,  more  slender  than  the  primary,  con- 
taining very  long  hormogones  within  the  sheath. 

I.    Plants  living  in  moist  places;  primary  filaments  6-9  mic  in  diameter 

F.  ambigua 

II.    Plants  living  in  moist  places  or  in  hot  water;  primary  filaments  10-13 
mic  in  diameter  F.  tfaarmalit 
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Genus  STIGONEMA 

PUt«  XXV.  Fig.  70 
Plants  terrestrial  or  aquatic;  plant  mass  rigid,  blackish  brown^  or 
cushion-like  and  soft;  filaments  free,  rarely  laterally  aggregated,  scat- 
tered; trichomes,  in  the  larger  filaments,  consisting  of  two  or  several  rows 
of  cells;  heterocysts  often  lateral,  here  and  there  intercalary,  hormogones 
developed  in   the  apices   of  vegetative   branches  or  in  short   special 
branches. 
I.    Trichomes  in  the  mature  filaments  consisting  usually  of  a  single  row 
of  cells 

1  Filaments  7-15  mic  in  diameter;  sheaths  usually  colorless 

8.  hormoides 

2  Filaments  25  mic.  in  diameter;  cells  14  mic  in  diameter,  6-8  mic  in 

length  S.  semgineom 

3  Filaments  24-26  mic.  in  diameter;  sheaths  thick,  lamellose 

8.  pannif  orme 

4  Filaments  14-38  mic.  in  diameter,  sheaths  yellowish  brown 

S.  tomentotom 

5  Filaments  24-45  mic.  in  diameter;  sheaths  thick,  lamellose,  color- 

less or  yellowish  brown  S.  oceUatum 

II.    Trichomes  in  the  mature  filaments  consisting  usually  of  two  or 
several  rows  of  cells 

1  Filaments  up  to  35  mic.  in  diameter 

(1)  Filaments  18-28  mic.  in  diameter;  cells  often  surrounded  by  a 

special  darker  colored  envelope  S.  mimitiiiii 

(2)  Filaments  27-37  mic.  in  diameter;  cells  throughout  the  entire 

length  of  the  filament  uniformly  divided 

S.  tnrfacenm 

2  Filaments  40-90  mic.  in  diameter 

(1)  Hormogones  45  mic.  in  length,  terminal,  solitary  or  in  series 

S.  inf orme 

(2)  Plants  rigid;  hormogones  45  mic.  in  length,  lateral 

S.  mamillosnm 

Species  not  well  understood    S.  brandegeei 
Genus  CAPSOSIRA 

puts  XXV,  Pif.  71 

Plant  mass  hemispherical,  cushion-like,  attached  by  lower  surface, 
formed  of  filaments  growing  together  laterally,  aquatic;  filaments  erect, 
branched,  composed  of  a  single  row  of  cells;  sheaths  septate;  heterocysts 


Digitized  by  VjOOQIC 


SYNOPSIS  OF  THE  BLUE-GREEN  ALOE — MYXOPHYCEiC         251 

intercalary  and  lateral;  hormogones  composed  of  from  10-20  cells;  gonidia 
spherical;  wall  of  gonidium  thick,  brownish. 

Filaments  7.5  mic  in  diameter;  cells  4-5  mic.  in  diameter;  heterocysts 
lateral  C.  brebitsonii 

Genus  NOSTOCHOPSIS 

PUto  XXVI,  Fig.  72 

Plant  mass  or  colony  gelatinous,  definite,  aquatic;  trichomes  formed 
of  a  single  row  of  cells,  branched;  heterocysts  intercalary  and  lateral, 
pedicellate  or  sessile. 

Colony,  hollow;  trichomes  4-9  mic.  in  diameter,  1  mm.  in  length; 
branches  unilateral,  fastigiate,  cylindrical  below,  torulose  in  upper  por- 
tions, somewhat  club-shaped;  heterocysts  lateral,  exserted,  or  intercalary 

N.  lobatos 

Family  V.    iUVULARIACEJS 

Filaments  tapering  from  base  to  apex,  ending  in  a  colorless  hair, 
simple  or  branched;  false  branches  due  to  development  of  new  trichome 
from  a  cell  of  the  main  trichome,  usually  occurring  immediately  under 
an  intercalary  heterocyst — ^rarely  by  the  perforation  of  the  sheath  between 
two  heterocysts  by  the  trichome,  as  in  Scytonema — either  separating  im- 
mediately and  forming  a  new  sheath,  or  remaining  for  some  time  within 
the  original  sheath;  heterocysts  usually  present,  usually  basal,  occasional- 
ly intercalary;  reproduction  by  means  of  vegetative  division,  hormogones 
and  gonidia. 

I.    Heterocysts  not  present  Amphithrix 

PUte  XXVII 
Pif.  73 

II.    Heterocysts  present 

1     Filaments  free,  simple  or  coalesced  into  a  branched  plant  mass 

(1)  Sheaths  cylindrical 

A    Filaments  simple  or  branched;  false  branches  distinct,  free 

Calothrix 

Pig.  74 

B  Filaments  branched;  false  branches  several  (two  to  six)  re- 
maining within  the  original  sheath  or  common  tegument 

Dichothrix 
Pig.  75 

C  Filaments  branched;  false  branches  many  (up  to  a  hundred) 
remaining  within  the  original  sheath  or  common  tegu- 
ment Poljrthrix 

(2)  Sheaths  thick,  saccate  Sacconema 

PUte  XXVIII 
Fig.  76 
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2    Filaments  coalesced  into  a  cnistaceous,  spherical  or  hemispherical, 
mucous  or  gelatinous  plant  mass  or  colony 

(1)  Heterocysts  hasal 

A    Filaments  simple,  parallel,  associated  in  a  crustaceous  layer 

Isactis 

Plate  XXIX,  Fff.  77 
6    Filaments  branched,  radially  arranged,  associated  in  a  spher- 
ical or  hemispherical  colony  Rivularia 

Pig.  7S 

(2)  Heterocysts  intercalary  Brachytrichia 

Fig.  79 

Genus  AMPHITHRIX 
Plata  XXVII,  Pif.  73 
Plant  mass  crustaceous  or  caespitose,  thin,  expanded,  of  a  purple 
or  violet  color,  consisting  of  two  layers:  the  lower  layer  composed  of 
densely  interwoven  filaments  or  of  minute,  radiately  disposed  series  of 
cells;  the  upper  layer  consisting  of  simple  erect  filaments,  closely  packed 
together  and  tapering  to  fine  points;  sheaths  thin,  close,  continuous; 
hormogones  solitary  or  in  series;  heterocysts  not  present. 
I.    Plant  mass  crustaceous;   filaments   1.5-2.2  mic.  in  diameter;  3-5 
decimill.  in  length;  cells  equal  to  the  diameter  in  length 

^      A.  janthina 

II.    Plant  mass  caespitose;  filaments  2-3  mic.  in  diameter,  1-3  mm.  in 
length;  cells  shorter  than  their  diameter     A.  violacea 

Genus  CALOTHRIX 
PUta  XXVII,  Pig.  74 
Plant  mass  consisting  of  penicillate  tufts  or  a  soft  velvety  expansion; 
filaments  simple  or  slightly  branched;  heterocysts  basal  or  intercalary,  ab- 
sent in  a  few  species;  gonidia  basal,  seriate. 

I.    Heterocysts  not  present  C.  Juliana 

II.     Heterocysts  present 

1     Plants  living  in  salt  water 
(1)     Heterocysts  basal 
A    Plants  fasciculate  or  penicillate,  parasitic 
a    Filaments  12-15  mic.  in  diameter  C.  confervicola 

b    Filaments  21-29  mic.  in  diameter  C.  consociata 

B    Plants  caespitose,  often  growing  on  rocks 
a    Filaments  8-12  mic.  in  diameter;  cell  contents  violet 

C.  fusco-violacea 

b    Filaments  10-18  mic.  in  diameter;  cell  contents  olive  green 

C.  scopulorum 
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c    Filaments  9-15  mic.  in  diameter;  cell  contents  olive  green 

C.  contarenii 

d    Filaments  15-20  mic.  in  diameter;  cell  contents  olive  green 

C.  pulvinata 

e    Plants  parasitic;  filaments  9-15  mic.  in  diameter,  thickened 
into  a  bulb  at  the  base;  cell  contents  blue-green 

C.  parasitica 
(2)     Heterocysts  basal  and  intercalary 
A    Filaments  9-12  mic.  in  diameter,  scarcely  thickened  at  base 

C.  aeruginea 

B    Filaments  15-18  mic.  in  diameter;  false  branches  solitary 

C.  prolif  era 

C  Filaments  12-21  mic.  in  diameter;  false  branches  fasciculate  at 
the  apex  of  the  filament  C.  fasdciilata 

D  Filaments  12-24  mic.  in  diameter;  false  branches  in  pairs,  aris- 
ing between  two  heterocysts  C.  vivipara 

E  Filaments  10-40  mic.  in  diameter,  interwoven  at  base,  decum- 
bent C.  pilosa 

F    Filaments  12-40  mic.  in  diameter;  sheaths  yellowish  brown 

C.  crottacea 

Plants  living  in  fresh  water 
(1)     Plants  epiphytic 
A    Filaments  5-7.5  mic.  in  diameter;  trichomes  3.4-4  mic.  in  diam- 
eter C.  epiphjrtica 

B  Filaments  7-8  mic.  in  diameter;  heterocysts  basal,  usually  in 
pairs  C.  tcytonemicola 

C  Filaments  8-10  mic.  in  diameter;  trichomes  6-9  mic.  in  diam- 
eter, especially  constricted  at  joints;  heterocysts  basal,  in 
pairs  C.  stagnalis 

D  Filaments  10-12  mic.  in  diameter,  curved  and  bulbous-inflated 
at  the  base;  trichomes  7S  mic.  in  diameter 

C.  fnsca 

E  Filaments  5-15  mic.  in  diameter,  sometimes  thicker  at  the 
base;  trichomes  3.5-5.5  mic.  in  diameter 

C.  sandwicensis 

F  Filaments  15-16  mic.  in  diameter  at  base;  sheaths  thick,  lamel- 
lose,  finally  becoming  browniah  black;  cells  very  short 

C.  breviarticulata 
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G  Filaments  15-18  mic.  in  diameter;  sheaths  wide,  often  trun- 
cate, almost  colorless;  trichomes  7-9  mic.  in  diameter 

C.  violacea 

H  Filaments  18-24  mic.  in  diameter;  sheaths  thick,  gelatinous, 
lamellose,  finally  ocreate  C.  adscendens 

(2)  Plants  living  in  warm  or  hot  water 

A  Filaments  8-10  mic.  in  diameter;  sheaths  somewhat  thick, 
uniform,  transparent,  sometimes  yellowish  at  base;  heter- 
ocysts  basal,  rarely  intercalary  C.  thermalis 

B  Filaments  8-10  mic.  in  diameter;  sheaths  close,  ocreate,  trans- 
parent, becoming  yellowish  brown;  heterocysts  basal  and 
intercalary,  spherical  or  quadrate  C.  calida 

C  Filaments  10-11  mic.  in  diameter;  sheaths  close,  thick,  lamel- 
lose,  ocreate,  transparent  and  yellowish 

C  kantxd 

(3)  Plants  living  on  stones  and  wood 

A  Filaments  9-10  mic.  in  diameter;  sheaths  narrow,  close,  uni- 
form, colorless;  trichomes  6-7  mic.  in  diameter 

C.  braonii 

B  Filaments  10-12  mic.  in  diameter;  sheaths  thick,  close,  uni- 
form or  ocreate,  yellowish  brown        C.  parietina 

C  Filaments  12-13  mic.  in  diameter;  sheaths  thin,  close,  uniform, 
colorless  or  yellowish  C.  castellii 

Genus  DICHOTHRIX 

Plata  XXVII.  Fif.  7S 
Plant  mass  csespitose,  penicillate  or  pulvinate;  filaments  more  or  less 
dichotomously  branched;  trichomes  often  several  (two  to  six)  enclosed 
within  the  original  sheath  or  common  tegument;  heterocysts  sometimes 
basal,  sometimes  intercalary,  in  one  species  not  present. 
I.    Plants  living  in  fresh  water 
1    Sheaths  close,  gradually  tapering  at  the  apex 

(1)  Plants  living  in  hot  water;  filaments  15-25  mic.  in  diameter, 

trichomes  5-6  mic.  in  diameter  D.  montmna 

(2)  Filaments  10-12  mic.  in  diameter,  flexuous,  erect,  radiating 

D.  orainiaiia 

(3)  Plant  mass  encrusted  with  calcium  carbonate;  filaments  S^12.5 

mic.  in  diameter,  prostrate,  not  rigid       D.  calcarea 

(4)  Plants  living  in  fresh  or  rarely  salt  water;  filaments  about  15 

mic.  in  diameter;  trichomes  5-9  mic.  in  diameter,  constricted 
at  joints  D.  baueriaiui 
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(5)    Filaments  12-15   mic.   in   diameter;   trichomes   10-15  mic.  in 
diameter,  not  constricted  at  joints         D.  olivacea 

2     Sheaths  lamellose,  funnel-shaped  at  apex 

(1)  Filaments  9-12  mic.  in  diameter;  trichomes  6  mic.  in  diameter 

D.  compacta 

(2)  Filaments  13  mic.  in  diameter;  trichomes  6.5-7.5  mic.  in  diam- 

eter D.  meneghiniana 

(3)  Plant  mass  usually  encrusted  with  calcium  carbonate;  fila- 

ments 15-18  mic.  in  diameter;  trichomes  6-8  mic.  in  diameter 

D.  gypsophila 

(4)  Filaments  25-28  mic.   in   diameter;  trichomes   10-12  mic.  in 

diameter,  bulbously  inflated  at  the  bases  of  the  branches; 
heterocysts  light  blue  in  color  D.  hoifordii 

II.     Plants  living  in  salt  water 

1  Filaments  15-22  mic.  in  diameter,  trichomes  7-9  mic.  in  diameter; 

heterocysts  basal  D.  rupicola 

2  Filaments  20-30  mic.  in  diameter;  trichomes  17-22  mic.  in  diam- 

eter; heterocysts  basal  and  intercalary  D.  fudcola 

3  Filaments  25-35  mic.  in  diameter;  trichomes  15  mic.  in  diameter; 

heterocysts  oblong,  solitary  D.  penicillata 

4  Filaments  22-30  mic.  in  diameter;  trichomes  7.5-12.5  mic.  in  diam- 

eter; heterocysts  basal  and  intercalary         D.  utahensiB 

Genus  POLYTHRIX 

Plant  mass  filiform,  branched,  consisting  of  numerous  filaments  fas- 
ci€tilately  arranged,  included  within  a  common  tegument;  filaments  dense- 
ly crowded,  branched;  heterocysts  terminal  and  intercalary. 

Trichomes  5-6  mic.  in  diameter,  tapering  into  a  thin  hair  at  the 
apex;  heterocysts  somewhat  spherical  P.  conrmboM 

Genus  SACCONEMA 
Plate  XXVIII,  Pif.  76 
Plant  mass  or  colony  small,  gelatinous,  lobed  or  torn;  common  tegu- 
ment lamellose,  very  much  folded  and  saccate,  finally  dissolved  at  apices, 
containing  from  two  to  many  trichomes;  trichomes  irregularly  aggre- 
gated, somewhat  caespitose;  false  branches  short,  moniliform,  not 
coalesced;  heterocysts  basal,  spherical;  gonidia  present. 

Trichomes  8  mic.  in  diameter;  heterocysts  basal,  spherical;  gonidia 
15  ntic  in  diameter;  wall  of  gonidium  roughened         S.  rupestre 
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Genus  ISACTIS 
PUu  XXIX.  Fig.  77 
Plant  mass  flat,  cnistaceous»  orbicular,  thin,  adhering  by  the  lower 
surface,  growing  at  the  margin;  filaments  parallel,  erect,  unbranched  or 
rarely  sparingly  branched;  heterocysts  basal;  gonidia  unknown. 
I.    Filaments  decumbent  at  base;  trichomes  7-9  mic.  in  diameter 

I.  plana 

II.    Filaments  slightly  swollen  at  base;  trichomes  8-10  mic  in  diameter 

I.  cciitiifiiga 

Genus  RIVULARIA 

PUu  XXIX.  Fig.  7S 
Colonies  spherical,  hemispherical  or  inflated  and  lobed,  solid  or  hol- 
low, sometimes  confluent  into  an  indefinite  mass;  filaments  radiating  from 
the  center,  repeatedly  branched;  sheaths  conspicuous  near  the  base  of  the 
trichomes,  near  the  periphery  of  the  colony  gelatinous  and  confluent; 
heterocysts  basal;  gonidia  more  or  less  cylindrical  and  elongate,  not 
known  in  all  species. 
I.    Filaments  flagelliform,  tapering  towards  the  apex;  gonidia  present 

1  Colonies  hard;  trichomes  4-7  mic.  in  diameter;  gonidia  9-15  mic.  in 

diameter,  especially  cylindrical  R  pitum 

2  Colonies  soft;  trichomes  7-9  mic.  in  diameter;  gonidia  10-18  mic  in 

diameter,  larger  at  the  base  R.  natana 

3  Colonies  firm,  solid,  light  green;  gonidia  cylindrical,  frequently 

curved,  about  nine  times  as  long  as  broad    R.  incmatata 

4  Colonies  soft,  solid;  trichomes  8-10  mic.  broad  at  the  base;  gonidia 

8-18  mic.  in  diameter,  cylindrical,  straight  or  slightly  curved 

R  echinulata 

II.    Filaments  gradually  tapering;  gonidia  unknown 

1  Colonies  hollow  when  old 

(1)  Colonies  soft;  trichomes  4-5  mic.  in  diameter  in  lower  portion, 

somewhat  constricted  at  joints  R  polyotia 

(2)  Colonies  soft;  trichomes  2-5  mic.  in  diameter,  cylindrical 

R  nitida 

2  Colonies  solid 

(1)     Colonies  not  encrusted  with  calcium  carbonate 
A    Plants  living  in  fresh  water 
a    Trichomes  4  mic.  in  diameter  R  boreaHa 

b    Trichomes  6-10  mic.  in  diameter  R  compacta 

c    Trichomes  9-12.5  mic.  in  diameter  R  minntola 
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d    Trichomes  continuotts  or  indistinctly  divided;  heterocysts 
10-12  mic.  in  diameter  R  paradoza 

B    Plants  living  in  salt  water;  trichomes  2.5-5  mic.  in  diameter 

R  atra 

(2)    Colonies  encmsted  with  calcimn  carbonate 
A    Colonies  hemispherical,  finally  confluent  and  forming  a  hard, 
stony  crust;  trichomes  4-7.5  mic.  in  diameter 

R  hsmatites 

B  Colonies  small,  somewhat  hard;  trichomes  4-9  mic.  in  diam- 
eter R  dura 

C  Colonies  at  first  hemispherical,  afterwards  forming  a  gelatin- 
ous crust,  indurated  with  calcium  carbonate  in  the  interior; 
trichomes  5-9  mic.  in  diameter  R  coadunata 

D    Colonies  spherical,  hard;  trichomes  4-16  mic  in  diameter 

R  bometiana 

Genus  BRACHYTRICHIA 
Plat*  XXIX,  Pig.  79 
Colonies  at  first  solid,  finally  becoming  hollow,  made  up  of  Nostoc- 
likc  filaments  embedded  in  gelatin;  filaments  fiexuously  curved,  parallel, 
above  tapering  and  drawn  out  into  a  hair  at  the  apex,  very  much 
bntnched;  sheaths  distinct  in  the  young  filaments,  tubular,  finally  becom- 
ing confluent  and  invisible;  heterocysts  intercalary,  arranged  without  any 
order. 

Colonies  up  to  5  cm.  in  diameter,  plicate-expanded  and  bullate,  con- 
fluent, blackish  green.  B.  quoyi 

Department  of  Botany, 

University  of  Minnesota, 

GLOSSARY 

The  proper  terms  to  be  used  in  connection  with  the  blue-green 
algae  have  not  yet  become  definitely  established.  The  terms  and  defin- 
itions given  in  this  synopsis  are  merely  provisional,  in  case  better  ones 
can  be  found.  Some  difficulty  has  been  experienced  with  the  terms: 
"plant  mass,"  "colony,"  "family,"  "thallus,"  etc.  The  definition  of  each, 
as  the  author  conceives  the  meaning,  is  given  in  the  glossary. 
Plant  mass,  the  usually  shapeless  mass  of  individual  plants  remaining  in 

close  proximity  to  each  other  after  their  formation,  either  because 

nothing  occurs  to  separate  them  or  because  they  are  definitely  held 

together  by  a  gelatinous  excretion 
Col<my,  a  mass  of  plants  of  more  or  less  definite  shape,  large  enough  to 

be  detected  by  the  naked  eye 
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Family,  a  mass  of  plants  of  microscopic  size  and  somewhat  definite 
shape,  quite  evidently  arising  from  the  division  of  a  single  cell 

Plant,  in  the  coccogone^  a  single  cell;  in  the  hormogonba  a  single  tri- 
chome.  In  the  latter  case  it  may  be  thought  better  by  some  to 
consider  "plant"  and  ''filament"  as  synonymous  terms. 


Adherent,  clinging  to,  or  united 
with 

Adnate,  touching  closely  or 
broadly 

Agglutinated,  glued  together 

Aggregated,  forming  a  mass  or  col- 
lection, but  not  cohering 

Amorphous,  structureless 

Anastomose,  to  run  together  in  a 
netlike  manner 

Angular,  having  angles;  sharp  cor- 
nered 

Apex,  the  end  opposite  the  point  of 
attachment;  tip 

Appressed,  pressed  closely  against 

Approximate,  near,  about 

Aquatic,  living  in  water 

Arachnoid,  cobwebby 

Articulate,  jointed  with  cells 

Asexual,  without  sex 

Base,  the  point  of  attachment 

Brackish,  somewhat  salty 

Bulbous,  with  a  bulb 

BuUate,  swollen 

BuUose,  swollen 

Caespitose,  in  tufts  or  dense 
bunches 

Calcareous,  composed  of  or  con- 
taining lime 

Cal3rptra,  a  cap  or  lid 

Capitate,  furnished  with  a  globose, 
head 

Cameous,  fleshy 

Cartilaginous,  tirm  and  tough  like 
cartilage 

Catenate,  joined  in  a  continuous  se- 
ries; in  a  chain 

Cell,  a  closed  sac,  surrounded  by  a 
wall  of  cellulose,  containing  pro- 
toplasm and  a  single  nucleus 

Cell  sap,  the  watery  fluid  of  a  cell 
which  separates  from  the  proto- 
plasm as  one  or  more  vacuoles 

Cell  wall,  the  membrane  enclosing 
the  cell  contents 

Cellulose,  the  cell  wall  substance  of 
plants 

Centrifugally,  from  the  center 

Centripetally,  toward  the  center 


Chlorophyll,  the  green  coloring 
matter  contained  in  plants;  leaf- 
green 

Chromatophore,  a  plastid,  contain- 
ing a  coloring  matter 

Cilium  (pi.  cilia),  one  of  the  vibra- 
tile,  protoplasmic  processes 
which  serves  to  propel  zoogonid- 
ia  through  the  water 

Cirdnate,  rolled  from  the  end 

Clathrate,  with  openings  like  lat- 
tice work 

Clavate,  club-shaped 

Coalesced,  grown  together,  united 

Coalescence,  the  complete  union  of 
similar  things 

Collateral,  side  by  side,  secondary 

Colony,  a  group  of  independent 
cells  surrounded  by  a  common 
investment;  a  mass  of  plants  of 
more  or  less  definite  shape,  large 
enough  to  be  detected  by  the 
naked  eye 

Concentric,  with  a  common  center 

Confluent,  growing  or  running  to- 
gether 

Conidium,  gonidium;  a  gonidium 
which  is  abstricted  from  the  apex 
of  a  stalk 

Constricted,  narrowed  in  certain 
places 

Contiguous,  near  or  in  contact 

Contorted,  twisted 

Contractile,  able  to  contract 

Convolute,  rolled  together 

Coriacious,  leathery,  tough 

Crenate,  wavy 

Crisped,  curled 

Crustaceous,  crust-like 

Cuspidate,  pointed,  with  a  tooth 

Decumbent,  lying  down 

Deliquescent,  dissolving 

Dense,  crowded  together 

Depressed-globose,  globular,  with 
the  poles  slightly  flattened 

Dichotomous,  two-forked;  furcate 

Dichotomy,  division  into  two 
branches 

Diffluent,  dissolving 

Disc,  any  flat  circular  area 
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Disc-shaped,  flat  and  circular 

Dissepiment^  cross  wall 

Distal,  pertaining  to  the  apex 

Divaricate,  spreading 

Diverging,  separating 

Eccentric,  without  a  common  cen- 
ter 

Elongate,  lengthened,  very  long 

Endophyte,  a  plant  living  within 
another  organism,  usually  as  a 
parasite 

Entire,  not  toothed 

Epiphyte,  a  plant  growing  upon  the 
outside  of  another  plant,  but  not 
nourished  by  it 

Equilateral,  with  equal  sides 

Family,  a  mass  of  plants  of  micro- 
scopic size  and  somewhat  def- 
inite shape  quite  evidently  aris- 
ing from  the  division  of  a  single 
cell 

Fascicle,  bundle 

Fasciculate,  in  bundles 

Fastigiate,  tapering  to  a  point 

Fenestrate,  window-like 

Fibrillae,  little  threads 

Fibrillose,  made  up  of  small  fibers 

Fibrous,  of  fibers 

Filament,    the    trichome    together 
with  its  sheath;  a  fine  thread 
.  Filamentous,  thread-like,  composed 
of  filaments 

Filiform,  thread-shaped 

Fission,  splitting;  cell  division  in 
which  cell  separates  into  two 
nearly  equal  portions,  especially 
as  a  mode  of  reproduction 

Flaccid,  soft,  flabby 

Flagelliform,  whip-like 

Flexuous,  flexible 

Floccose,  composed  of  matted, 
woolly  hairs 

Flocculent,  woolly 

Foliaceous,  leaf-like 

Foliose,  leaf-like 

Gelatinous,  jelly-like 

Geminate,  paired 

Geniculate,  bent  abruptly  like  a 
bent  knee 

Genuflexuous,  bent  abruptly 

Glaucous,  sea-green,  gray-green 

Globose,  like  a  ball 

Globular,  spherical  or  nearly  so 

Gonidangium,  the  cell  in  which  go- 
nidia  are  produced 


Gonidium,  a  reproductive  cell  de- 
veloped asexually;  a  specialized 
reproductive  cell  capable  by  it- 
self of  giving  rise  to  a  new  or- 
ganism 

Granular,  with  granules 

Granule,  a  small  grain 

Granulose,  with  granules 

Gregarious,  growing  in  association, 
but  not  matted  together 

Grumose,  grumous,  like  a  cluster 
of  grains 

Habit,  the  general  appearance  or 
characteristic  manner  of  growth 
of  a  plant 

Habitat,  the  locality  or  region,  or 
the  kind  of  situation  in  which  a 
plant  is  naturally  found 

Heterocyst,  a  cell  uniformly  larger 
than  its  neighbors,  but  of  doubt- 
ful function 

Hirsute,  with  coarse  hairs 

Homogeneous,  uniform  in  charac- 
ter or  substance 

Hormogone,  a  short  chain  of  cells 
broken  off  from  a  mature  plant, 
by  means  of  which  vegetative 
multiplication  is  effected 

Host,  a  plant  which  supports  a 
parasite  (or  an  epiphyte?) 

Hyaline,  clear  and  colorless,  trans- 
parent 

Immersed,  sunken  below  the  sur- 
face 

Impregnated,  filled  with 

Indurated,  hardened 

Inequilateral,  with  unequal  sides 

Inflated,  swollen 

Integument,  any  outer  covering 

Intercalary,  inserted  between 

Intricate,  tangled,  involved 

Inundated,  flooded 

Investment,  a  covering 

Laciniate,  torn 

Lacunose,  hollowed 

Lamelliform,  plate-like 

Lamellose,  with  plates  or  blades 

Lenticular,  lens-shaped 

Lubricous,  slippery,  slimy 

Lumen,  cavity 

Mammillate,  mammillose,  with  nip- 
ple-like projections 

Mammilliform,  nipple-like 

Marginal,  at  the  edge 

Membranaceous,  papery 

Moniliform,  chain-like 
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Motile,  able  to  move 

Mttci1aginoui»  jelly-like 

Mnlticdliilar,  of  several  to  many 
cells 

Nodnle,  a  little  knot  or  lump 

Nucleus,  a  differentiated  round  or 
oval  body  embedded  in  the  pro- 
toplasm of  a  cell 

Obovate,  ovate,  but  with  the  point 
of  attachment  at  the  lower  end 

Ocrea,  a  sheath 

Ocreated,  sheathed 

Orbicular,  circular 

Oval,  elliptical 

Ovoid,  egg-shaped 

Pannote,  mffttd 

Papillose,  with  a  little  point  or  nip- 
ple 

Parasite,  a  plant  that  lives  on  or  in 
some  other  organism  from  which 
it  derives  its  nourishment  for  the 
whole  or  a  part  of  its  existence 

Parenchjrma,  the  soft,  thin-walled 
cellular  tissue  of  plants 

Pedicel,  a  small  or  delicate  sup- 
porting stalk 

Pedicellate,  stalked 

Pellucid,  clear 

Penidllate,  like  a  brush 

Periphery,  edge 

Phycocjranin,  a  blue  pigment  con- 
tained in  the  chromatophores  of 
the  blue-green  algae 

Pigment  spot,  a  specialized  mass  of 
C3rtoplasm  permeated  by  a  red 
coloring  matter,  present  in  the 
motile  cells  of  many  algae;  eye- 
spot 

Piliferout,  bearing  hairs 

Pilose,  hairy 

Plant,  in  the  coccogone^  a  single 
cell;  in  the  hormogone^  a  single 
trichome 

Plant  mass,  the  usually  shapeless 
mass  of  individual  plants  remain- 
ing in  close  proximity  to  each 
other  after  their  formation, 
either  because  nothing  occurs  to 
separate  them  or  because  they 
are  definitely  held  together  by  a 
gelatinous  excretion 

Plicate,  folded  or  ridged 

Polar,  at  the  end 

Polygonal,  many-sided 

Polyhedral,  many-angled 


Polymorphovt,  of  many  forms 

Proliferated,  grown  out 

Protoplasm,  the  viscid,  contractile^ 
semiliquid,  more  or  less  granular, 
substance  that  forms  the  princi- 
pal portion  of  an  animal  or  vege- 
table cell 

Prostrate,  flat,  lying  down 

Pteodo-parenchjniiatoiit,  like  par- 
enchyma 

Pubescent,  finely  hairy 

Pulverulent,  powdery 

Pulvinate,  cushion-like 

Punctate,  dotted 

PttnctifornL  dot-like 

PuBtttlar,  like  a  swelling 

Pyrenoidt  a  small  colorless  mass  of 
proteid  substance  seen  in  many 
algae,  which  may  be  regarded  as 
reserve  material 

Quadrate,  square,  in  fours 

Radial,  pertaining  to  a  radius,  as  of 
a  circle  or  sphere 

Rectilinear,  straight 

Refractive,  refringent,  bending  or 
turning  aside  as  a  light  ray 

Reniform,  kidney-shaped 

Reproduction,  the  development  of 
one  or  more  new  organisms  from 
the  whole  or  from  a  part  of  the 
protoplasm  of  a  parent  organism 

Rotund,  round 

Rugose,  furrowed,  roughened 

Saccate,  sack-like 

Segment,  one  of  the  parts  into 
which  an  object  is  naturally  di- 
vided 

Septate,  divided  by  partitions 

Seriate,  in  a  row 

Sessile,  without  a  stalk 

Sheath,  a  gelatinous,  usually  tubu- 
lar, envelope  surrounding  a  plant 

Silidous,  containing  silica 

Sinuate,  snake-like,  twisted 

Sinus,  a  gulf  or  indentation 

Spatidate,  shaped  like  a  spoon 

Spherical,  ball-like 

Spongiose,  spongy 

Stellate,  star-like 

Stratified,  in  layers 

Stratum,  a  layer 

Striated,  having  fine  markings 

Sub,  slightly,  somewhat 

Submerged,  sunken 

Substratum,  surface  on  which  the 
plant  grows 
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SuperpCHied,  placed  one  above  an-  Tuberculate,  tubercolote,  warted 

other  Tubular,  tube-like 

Tegument,  covering  Ultimate,  last  end 

Tenacious,  firm,  tough  Uncinate,  hooked  at  the  end 

Tcrcbriform,  screw-like  H**^,?*?'  ^^^^      „   . 

Terminal,  end  Unicellular,  one-celled 

T«r«.triia.  growmg  on  the  ground  }}^^'  t^r^^.^^  ,  ,,,. 
ThallM,  a  plant-body  without  true  fl^jj,  ;„  j^e  protoplaim  of  a 


root,   stem  or  leaf;  used  incor- 


cell 


rectly  mstead  of    plant  mass'  Ventricote,  a  swellmg  out  on  one 

Tomentose,  closely  haur  side  or  in  the  middle 

Tortuous,  twisted  Verrucosc,  warted 

Torulote,  chain-like  Vesicle,  a  small  bladder-like  cavity 

Trichome,   the    entire    number    of  Vesicular,  bladdery 

cells  of  a  multicellular  plant,  not  Villous,  long  hairy 

including  the  sheath  Zonate,   disposed   in   the   form   of 

Tnmcate,  cut  off  abruptly  zones 
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It  is  the  purpose,  in  this  department,  to  present  from  time  to  time  brief  original 
notes,  both  of  methods  of  work  and  of  results,  by  members  of  the  Society.  All 
members  are  invited  to  submit  such  items.  In  addition  to  these  there  will  be  given  a 
few  brief  abstracts  of  recent  work  of  more  general  interest  to  students  and  teachers. 
Tliere  will  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations,  and 
to  the  isf^ated  student  suggestions  of  suitable  fields  of  investigation. — [Editor.! 


TECHNICAL   METHODS 

1.    Electrifying  the  Microtome 

As  this  laboratory  is  specializing  on  a  collection  of  serial  sections 
of  pig  embryos,  it  became  necessary  in  some  manner  to  reduce  the 
amount  of  time  consumed  as  much  as  possible.  After  a  careful 
study  of  the  problem,  it  was  decided  to  attach  an  electric  motor  to  the 
microtome,  thus  leaving  both  hands  of  the  technician  free  to  handle 
the  ribbons  as  they  came  off  the  knife.  In  this  manner  over  one- 
third  of  the  time  ordinarily  spent  in  section  cutting  was  saved. 

As  the  microtome  used  was  an  old  type,  of  the  steam  engine 
crank  motion  with  a  large  counter  balanced  fly  wheel,  it  was  rather 
hard  to  find  the  right  kind  of  motor,  especially  as  the  fly  wheel  was 
not  grooved  for  a  belt,  and  could  not  be  as  its  walls  were  too  thin. 
Also  there  was  no  cheap  and  handy  controller  for  ordinary  motors  to 
be  had,  except  a  belt  tightener  such  as  usually  supplied  on  factory 
electrified  microtomes. 

Seeing  the  Western  Electric  sewing  machine  motor  advertised, 
I  asked  the  agent  for  a  demonstration,  and  since  then  our  motor 
trouble  has  been  solved.  The  device  consists  of  a  small  motor  with 
a  cork  friction  wheel,  and  mounted  on  a  base  so  that  when  put  under- 
neath a  sewing  machine  fly  wheel  a  strong  spring  in  the  base  will 
press  the  cork  friction  wheel  against  the  fly  wheel  of  the  sewing 
machine.  The  motor  was  turned  on  its  side  with  its  base  bolted  to  a 
block,  and  that  block  bolted  to  the  table.  The  microtome  wheel  was 
then  backed  up  onto  the  cork  friction  wheel  of  the  motor  until  the 
requisite  tension  was  secured,  and  then  it  also  was  bolted  to  the  table. 
Thus  both  motor  and  microtome  are  both  rigidly  fastened  down 
(Plate  XXX). 
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Variations  in  speed  are  obtained  by  means  of  the  excellent  foot 
controller  which  accompanies  the  motor.  Although  this  controller 
allows  only  six  variations  in  speed,  I  have  always  been  able  to  r^^- 
late  with  complete  satisfaction.  While  cutting  serial  sections  my 
assistant  never  has  to  touch  the  fly  wheel  with  his  hands,  as  he  is 
able  merely  by  using  the  foot  control  to  move  the  paraffin  block  a 
fraction  of  an  inch  at  a  time,  as  well  as  being  able  to  cut  the  sections 
one  by  one  if  necessary.  In  this  manner  I  have  been  able  to  cut 
celloidin  sections  with  a  slanting  knife. 

The  outfit  comes  complete  with  motor,  foot  controller,  and 
connecting  cord,  from  the  Western  Electric  Company  or  any  of  its 
agents,  for  $15.  By  its  use  I  have  already  saved  its  price  in  the 
amount  of  time  saved  by  my  assistant,  who  is  paid  by  the  hour. 

2.     Chart  Making 

At  best,  chart  making  is  laborious,  and  if  the  maker  is  not 
somewhat  versed  in  the  art  of  freehand  drawing,  the  results  are  not 
all  that  could  be  wished.  Especially  is  this  true  when  the  charts  are 
copied  from  text  book  illustrations  by  students  or  student  assistants. 

To  obviate  this  difficulty  I  have  provided  this  laboratory  with 
a  "pantograph,"  an  ingenious  arrangement  of  levers  costing  $1.00, 
by  which  illustration  and  drawings  may  be  copied  exactly  up  to  a 
magnification  of  eight  diameters,  which  is  usually  all  that  is  desired. 
If,  however,  a  higher  magnification  is  necessary,  the  drawing  may 
be  remagnified  with  the  pantograph  to  any  degree  wanted.  One 
merely  provides  a  pencil  on  the  end  of  one  of  the  levers,  sets  it  for 
the  required  magnification,  and  then  traces  over  the  drawing  which 
is  to  be  copied  with  a  pointer,  and  the  enlarged  drawing  is  made  by 
the  pencil.  In  this  way,  and  by  using  gummed  black  letters  for  label- 
ing, charts,  perfect  in  all  respects,  may  be  obtained  by  assistants  who 
may  never  have  had  any  artistic  training. 

It  was  found  that  charts  hanging  on  the  wall  in  the  laboratory 
were  attacked  by  the  numerous  "silver  fish"  (Lepisma  saccharina), 
and  the  ink  and  colors  eaten  off.  In  the  endeavor  to  stop  this,  every 
chart  was  sprayed  with  shellac,  but  as  this  did  not  entirely  abate  the 
nuisance,  arsenic  in  small  quantities  was  mixed  with  the  inks  and 
paints.    At  least  the  silver  fish  will  have  but  one  meal. 


Digitized  by  VjOOQIC 


270  NOTES,  REVIEWS,   ETC. 

3.    Histological  Technic 

All  tissues  while  dehydrating  are  kept  in  a  rubber  stoppered 
bottle  connected  with  a  water  jet  vacuum  pump.  Thus  while  the 
tissues  are  dehydrating  they  are  also  being  freed  of  air  bubbles. 
Under  a  rather  low  vacuum  it  is  surprising  the  amoimt  of  air  which 
can  be  taken  from  most  tissues. 

In  imbedding  ordinary  small  blocks  of  tissue,  benzine  is  used  in 
place  of  xylol  or  benzole.  In  fact  I  have  been  using  benzine  for 
imbedding,  dissolving  paraffin  off  sections,  cleaning  slides,  etc.,  where 
xylol  was  formerly  used.  In  this  way  the  cost  of  imbedding  and 
section  making  is  greatly  reduced,  as  xylol  is  so  very  high  in  price 
at  the  present  time.  Xylol  is  used  only  in  clearing  sections  before 
being  mounted  in  xylol-balsam. 

As  a  large  number  of  horse  tissues  are  sectioned  and  mounted 
each  year  for  my  class  in  veterinary  histology,  I  have  obtained  very 
good  results  by  using  the  paraffin  method  rather  than  the  usual 
celloidin  procedure.  As  these  tissues  are  very  tough,  careful  technic 
is  necessary  with  paraffin,  but  the  results,  i  e.,  clearer,  thinner  sec- 
tions, and  greater  ease  of  handling,  fully  repay  the  added  trouble. 

These  tough  tissues,  after  dehydration  and  a  stay  in  absolute 
alcohol,  are  then  placed  in  a  beaker  in  which  there  are  two  separate 
layers,  one  of  cedar  oil  on  the  bottom,  and  one  of  absolute  alcohol  on 
top.  The  block  is  then  placed  in  the  beaker  in  the  absolute,  resting 
on  the  surface  of  the  cedar  oil.  Gradually  the  block  becomes  infil- 
trated with  cedar  oil,  sinking  further  and  further  into  it.  When  the 
block  comes  to  rest  upon  the  bottom  of  the  beaker  it  is  then  fully 
cleared  and  ready  to  be  infiltrated  with  low  melting  point  paraffin. 
Finally  it  is  imbedded  in  hard  paraffin,  and  sectioned  with  a  slanting 
knife,  keeping  the  sections  from  curling  with  a  camels  hair  brush  or 
a  needle. 

The  paraffin  used  is  the  commercial  parowax,  its  melting 
point  lowered  if  necessary  by  adding  liquid  petrolatum,  or  raised  by 
adding  olive  oil.  This  is  fully  as  efficient  as  the  higher  priced  im- 
bedding paraffins. 

I  have  obtained  an  alcohol  which  approaches  absolute  alcohol 
for  most  practical  imbedding  purposes  by  distilling  95%  alcohol,  and 
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Storing  the  distillate  in  bottles,  the  bottcwns  of  which  are  covered  with 
a  layer  of  anhydrous  copper  sulfate. 

Herbert  Edmond  Metcalf. 
North  Dakota 
Agricultural  College. 

Further  Notes  on  the  Rearing  of  Volvox 
In  the  April  number  of  these  Transactions  for  the  year  1916,  I 
related  some  experiences  in  the  rearing  of  Volvox  aureus.  Since  the 
two  cultures  whose  histories  were  there  given  have  ceased  to  yield 
and  have  been  destroyed,  the  concluding  chapter  concerning  those 
cultures  may  now  be  written.  A  summary  of  their  histories  from 
the  time  of  writing  the  earlier  accotmt  is  as  follows : 

Culture  No.  1,  collected  Oct.  27,  1915,  on  Apr.  27,  1916,  con- 
tained many  thousands  of  Volvox  colonies.  Then  followed  a  period 
of  decline  until  on  June  7  not  over  six  colonies  were  seen.  During 
June  there  was  a  rapid  increase.  On  June  17  a  few  colonies  were 
seen.  On  June  19  over  a  hundred  were  counted  and  on  July  10 
they  were  very  numerous.  This  was  followed  by  a  decline,  for  on 
Aug.  9  only  about  one  hundred  colonies  were  noted,  but  on  Aug. 
17  these  had  increased  to  more  than  a  thousand,  and  on  Sept.  7  the 
number  was  estimated  at  three  to  iive  thousand.  At  the  time  of 
the  next  observaticm,  Oct.  13,  very  few  colonies  were  present,  but 
desmids  had  become  very  numerous.  Thinking  that  the  cool  tem- 
perature outside  might  stimulate  the  Volvox  to  grow,  the  culture  was 
put  outside  the  window  on  Oct.  16.  Eight  days  later  there  were  sev- 
eral himdred  colonies.  Ice  was  found  on  the  top  of  the  water  of  the 
culture  on  the  16th  of  Nov.,  when  the  culture  was  brought  inside. 
On  the  following  day  a  few  colonies  were  seen.  Examinations  were 
made  on  the  following  dates  but  no  colonies  could  be  f oimd :  Jan. 
18,  1917,  Feb.  16,  Mar.  26,  June  21.  The  culture  was  found  with 
blue-greens  on  the  last  date  and  was  destroyed. 

In  this  culture  to  which  no  fresh  water,  no  organic  matter  and 
no  salts  had  been  added  since  its  establishment,  Volvox  grew  for  a 
little  over  a  year  and  at  times  even  thrived.  Toward  the  close  of 
the  period  the  amount  of  available  food  materials  must  have  been 
very  slight. 
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Culture  No.  2  established  at  the  same  time  as  No.  1,  and  kept 
imder  like  conditions,  ran  a  somewhat  similar  course,  but  died  out 
earlier  since  no  colonies  were  seen  after  Aug.  9,  1916.  Apr.  20, 
1916,  several  thousand  colonies  were  seen  and  on  May  4  they  were 
even  more  numerous.  On  May  16  they  were  on  the  decline,  but  on 
May  22,  Jime  17  and  June  30  the  record  states  that  there  were  sev- 
eral thousand  colonies  present.  On  July  10  three  or  four  thousand 
colonies  were  seen.  These  had  all  disappeared  by  Aug.  9,  and  no 
more  were  seen  on  the  following  dates  of  examination:  Sept.  9, 
Oct.  18,  Nov.  16,  Jan.  18,  1917,  Feb.  16,  Mar.  26,  June  21,  1917. 
The  culture  which  now  was  foul  with  blue-greens  was  destroyed  on 
the  last  date. 

A  number  of  cultures  of  Volvox  globator  were  started  July  12, 
1916,  and  kept  under  the  same  conditions  as  the  preceding  cultures. 
The  colonies  soon  disappeared,  however,  and  none  have  since  ap- 
peared.   The  cause  of  their  disappearance  is  not  even  conjectured. 
Zoological  Laboratory,  George  R.  LaRue. 

University  of  Michigan, 

PYRroiNE  Silver  for  Bone  Sections 

As  the  different  walls  of  a  bone  very  often  show  unlike  differ- 
entiations, an  entire  section  should  be  prepared  and  not  a  small 
piece  from  one  wall. 

Grind  one  surface  until  smooth  and  perfectly  flat.  Fasten  to  a 
clean  slide  in  hard  balsam.  Grind  to  microscopic  thinness  and  polish. 
Make  a  1%  solution  of  silver  nitrate  crystals  in  pyridine,  in  which 
the  crystals  are  soluble.  Place  slide  and  section  in  the  solution  and 
let  stand  over  night.  During  the  night  the  section  will  probably  be 
released  from  the  slide.  Clean  and  dry  the  section.  Mount  on  a 
clean  slide  in  hard  balsam  with  cover  glass.  If  the  preparation  is 
made  by  daylight,  keep  the  silver  solution  in  a  dark  place.  By  this 
method  I  have  made  beautiful  sections  of  those  I  had  earlier  dis- 
carded as  worthless. 

J.  S.  FOOTE. 
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Entomological  Notes 

Parthenogenesis  in  Aleurodes.—WUlizms  ('17,  Journ.  Genetics, 
6:256-267),  in  a  paper  entitled  "Some  Problems  of  Sex  Ratios  and 
Parthenc^enesis/'  presents  results  of  a  study  of  sex  relations  in  a 
common  and  widely  distributed  white-fly,  Aleurodes  vaporariorum, 
which  occurs  in  North  and  South  America,  the  West  Indies,  Europe, 
and  New  2^ealand.  This  insect  has  two  races,  one  in  England  which 
produces  females  parthenogenetically,  and  the  other  in  the  United 
States  produces  males  parthenogenetically.  Fertilized  ^^s  yield  an 
equality  of  the  sexes,  and  since  the  tgg&  would  produce  one  sex 
only  if  unfertilized,  it  is  argued  that  there  must  be  two  kinds  of 
sperm,  both  of  which  develop  in  equal  numbers.  The  similarity  to 
the  case  of  Phylloxera  caryacaulis  is  indicated,  the  chief  differences 
being  the  production  of  both  sexes  in  sexual  families  and  the  ab- 
sence of  regular  alternation  of  sexual  and  parthenc^enetic  genera- 
tions. The  occurrence  of  "male-"  and  "female-producing"  races 
of  a  single  species,  each  of  different  geographical  distribution  and 
varying  sex  proportions,  raises  the  question  of  their  origin.  "Ex- 
ternal conditions  may  alter  the  sex  ratio  in  a  colony  by  preventing 
pairing."  The  effect  of  partial  or  complete  failure  to  pair  on  the 
sex  ratio  in  both  races  is  discussed.  "Male-producing"  species  or 
races  are  more  liable  to  die  out,  while  in  the  "female-producing 
races,  the  male  sex  is  gradually  lost,  the  race  becoming  in  time  com- 
pletely parthenc^enetic."  The  original  home  of  a  species  may  be 
indicated  by  the  presence  of  both  sexes,  in  case  it  is  represented  in 
another  locality  by  only  one  sex.  An  illustration  is  drawn  from 
the  Pear  Thrips  of  California,  Tteniothrips  inconsequens,  which 
occurs  in  the  United  States,  Canada,  and  Europe.  In  America, 
males  are  not  known,  but  in  Europe  both  sexes  are  common.  This 
is  r^arded  as  evidence  that  the  original  home  of  the  species  was 
in  Europe  and  that  females  carried  to  Amreica  have  continued  to 
reproduce  parthenogenetically.  "Maleness"  would  be  introduced  if 
a  male  be  imported  and  subsequent  mating  with  a  female  accom- 
plished. Males  might  then  become  quite  general.  "The  resulting 
events  would,  however,  depend  on  the  sexes  produced  by  fertilized 
eggs  and  the  relative  fecundity  of  fertilized  and  parthenc^enetic 
females."    Another  example  closely  analogous  seems  to  appear  in 
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a  second  species  of  thrips,  \£olothrips  fasciaHis,  common  in  England 
and  represented  usually  by  males  and  females,  the  latter  exceeding 
the  former  slightly  in  number.  This  same  species  is  also  rather 
common  in  the  United  States  but,  of  the  large  number  of  individ- 
uals studied  from  different  localities,  only  two  males  have  thus 
far  been  recorded.  Mention  is  also  made  of  the  chalcid,  Tricho- 
gramma  pretiosa,  which  occurs  in  two  morphologically  indistin- 
guishable races,  one  in  America  and  the  other  in  Europe.  The  former 
produces  males  only  by  parthenogenesis,  while  the  latter  gives 
females  only  or  a  mixture  of  males  and  females. 

Sex  in  Anthothrips,—Shull  ('17,  Genetics,  2:480-488),  in  a 
study  of  "Sex  Determination  in  Anthothrips  verbasci,'*  finds  that 
males  and  females  are  abundant,  that  fully  formed  spermatozoa 
are  produced  by  the  male,  and  that  copulation  is  of  frequent  occur- 
rence in  nature.  Furthermore,  virgin  females  also  deposit  unfer- 
tilized eggs  and  the  results  of  experiments  show  that  such  ^;gs 
produce  only  individuals  of  the  male  sex.  Females,  which  were 
known  to  have  mated  either  in  captivity  or  in  nature,  were  isolated 
and  the  immediate  progeny  examined.  In  some  cases,  both  sons 
and  daughters  were  produced;  in  others,  only  sons  appeared,  the 
interpretation  of  the  latter  being  the  development  from  unfertilized 
eggs  even  though  the  mother  had  been  fertilized.  Evidence  is  pre- 
sented to  support  the  conclusion  that  the  fertilized  eggs  produce 
only  females.  This  case  is  then  a  parallel  to  that  of  the  honey- 
bee, and  it  seems  that  there  is  "some  means  of  withholding  the 
spermatozoa,  so  that  unfertilized  eggs  may  be  laid  even  while  sperma- 
tozoa are  present." 

Amitosis  in  Adipose  Cells. — Nakahara  ('17,  Anat.  Rec,  13:81- 
86)  finds  that  the  adipose  cells  of  various  insects  furnish  "good  evi- 
dence that  amitosis  does  not  mean  the  approach  of  d^eneration, 
or  aberration  at  all,  but  this  kind  of  nuclear  division  may  be  chiefly, 
if  not  entirely,  to  secure  the  increase  of  the  nuclear  surface  to  meet 
the  physiological  necessity  which  is  due  to  active  metobolic  inter- 
changes between  nucleus  and  cytoplasm."  Banning  at  an  early 
stage,  the  adipose  cell  nucleus  continues  to  divide  amitotically,  while 
late  in  the  third  larval  stage  the  cell  stores  up  albuminous  granules 
in  the  cell-body.    Thus  the  cell-nuclei  undergoing  amitosis  have  not 
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degenerated  but  the  cells  proceed  with  their  usual  active  processes. 
Furthermore,  it  is  claimed  that  the  nuclei  "themselves  take  a  direct 
part  in  the  formation  of  the  albuminous  granules." 

Nucleoli  of  Silk-gland  Cells, — Nakahara  ('17,  Joum.  Morph., 
29:55-73)  has  made  a  morphological  and  chemical  study  of  the 
nucleoli  of  the  silk-gland  cells  in  the  larvae  of  a  butterfly,  Pieris 
rapce,  and  those  of  a  caddis-fly,  Neuronia  postica.  These  cells  are 
characterized  by  multiple  nucleoli,  and  while  nucleoli  are  now  gen- 
erally considered  as  passive  by-products  of  nuclear  activity,  their 
role  in  the  process  of  secretion  has  not  been  fully  established.  In 
the  insects  mentioned,  the  nucleoli  increase  in  number  by  the  division 
of  the  preexisting  ones  and  increase  quantitatively  as  the  gland 
becomes  more  functional.  Some  of  the  nucleoli  migrate  into  the 
cell-body,  this  migration  continuing  throughout  the  life  of  the  func- 
tional cell,  and  apparently  constitute  at  least  one  source  of  the 
secretion  product  of  the  cell.  Migrating  nucleoli  appear  to  "give 
oflF  phosphorus  to  form  themselves  one  of  the  lowest  members  of 
the  nuclein  series." 

Origin  of  Photogenic  Organs, — Hess  ('17,  Ent.  News,  28:304- 
310)  has  studied  the  "Origin  and  Development  of  the  Photogenic 
Organs  of  Photuris  pennsylvanica  De  Geer  (Col.)."  Three  con- 
flicting views  exist  concerning  the  origin  of  these  organs :  ( 1 )  that 
they  are  modified  hypodermal  cells,  (2)  that  they  are  formed  from 
both  ectoderm  and  mesoderm,  and  (3)  that  they  originate  from  fat 
cells.  Recent  papers  by  Vogel  (1912)  and  Williams  (1916)  present 
evidence  in  support  of  the  view  that  the  light  producing  organ  arises 
from  fat  cells.  Hess  finds  that  in  14-day  embryos  the  hypodermis 
on  the  ventro-lateral  portion  of  each  side  of  the  eighth  abdominal 
segment  shows  a  proliferation  and  enlargement  of  the  cells.  As 
development  goes  on,  these  regions  appear  successively  as  a  distinct 
nodule  on  the  inner  surface  of  the  hypodermis ;  as  organs  completely 
separated  from  the  hypodermis  except  at  the  two  ends  of  each 
where  they  remain  attached;  and  as  distinct,  two-layered  organs 
supplied  with  tracheal  and  nerve  connections.  It  thus  appears  that 
"instead  of  arising  from  fat  cells,  the  embryonic  organ  is  formed  by 
a  proliferation  of  hypodermal  cells,  which  are  ectodermal  in  origin." 
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Hibernation, — Baumberger  ('17,  Annals  Ent.  Soc.  Am.,  10:179- 
186)  has  studied  certain  insects  with  reference  to  the  phenomenon 
of  hibernation,  inspecting,  among  other  features,  the  commonly  con- 
sidered hypothesis  that  low  temperature  or  low  mean  temperature 
is  conducive  to  its  appearance.  Experiments  with  the  banana  fly, 
Drosophila  mclanogaster,  showed  that  in  no  case  was  a  persistent 
quiescent  condition  developed  by  the  low  temperatures.  "Larvse 
and  adults  after  twenty  days  in  ice  box  were  immediately  activated 
by  high  temperature."  Humidity  experiments  with  the  larvae  of 
Isia  isabella  and  Apantesis  nais,  which  hibernate  at  a  definite  date 
irrespective  of  low  temperatures,  showed  that  "high  temperature, 
abundant  food  and  any  relative  humidity  is  not  sufficient  stimulus 
to  overcome  the  ^tendency'  of  the  insects  to  hibernate."  It  is  there- 
fore concluded  that  this  quiesence  is  predetermined  and  in  those 
insects  having  a  definite  periodical  hibernation,  the  "quiescence  can 
only  be  overcome  by  a  certain  period  of  low  temperature  and  the 
organism  then  by  a  compensatory  lengthening  of  the  next  stage 
regains  its  normal  rhythm.  Other  insects  are  more  plastic  and 
instead  of  showing  a  definite  period  of  hibernation,  merely  remain 
quiescent  during  periods  of  low  temperature,  and  are  active  imme- 
diately after  the  temperature  is  raised."  The  latter  class  can  be 
reared  continuously  in  the  greenhouse.  Every  degree  of  this  peri- 
odicity is  represented  among  insects.  It  is  concluded  that  insects 
hibernate:  (1)  as  adults  when  the  food  habits  permit  the  proper 
oviposition  at  the  earliest  warm  weather,  (2)  as  larvae  when  a 
protection  from  low  temperature  permits  feeding  at  the  latest  date 
possible,  and  (3)  as  pupae  or  eggs  "because  they  are  nonfeeding 
resistant  stages."  It  appears  from  the  evidence  that  the  phenom- 
enon of  hibernation  is  the  result  of  repeated  effect  of  winter,  and 
that  the  rhythmic  character  has  been  determined  by  the  habits  of 
the  species. 

Nature  of  the  Cervical  Region. — Crampton  ('17,  Annals  Ent. 
Soc.  Am.,  10:187-197)  presents  a  critical  discussion  and  review  of 
the  evidence  bearing  on  the  true  nature  of  the  neck  region  of  insects 
(Veracervix;  Cervicum;  "Microthorax").  The  presence  of  plates 
in  the  neck  region  has  led  to  the  development  in  the  past  of  theories 
(1)  that  the  cervicum  represents  a  "labial  segment,"  or  (2)  that  it 
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is  a  vestigial  s^^ment  of  the  thorax.  Crampton  assembles  the  evi- 
dence to  show  that  the  neck  is  in  every  way  homologous  with  the 
other  inters^^ental  areas  between  the  thoracic  segments  and  does 
not  represent  a  s^^ment  at  all;  that  this  r^on,  like  other  inter- 
segmental ones,  has  no  ganglia  or  other  segmental  structures,  either 
in  the  adult  or  embryonic  stages ;  that  the  labium  is  not  its  append- 
age ;  and  that  a  labial  s^^ment  already  exists  in  the  head  to  which 
the  labium  is  attached.  While  inters^^ental  plates  between  the 
other  thoracic  segments  have  not  been  preserved  in  many  of  the 
Pterygotan  insects,  and  while  only  traces  of  them  appear  in  still 
others,  yet  they  do  appear  in  the  Apterygotan  insects,  such  as  Japyx 
and  Eosentomon,  and  "since  these  are  among  the  most  primitive 
of  living  insects,  we  are  justified  in  assuming  that  the  conditions 
which  they  present  approximate  the  original  ones,  in  many  respects." 

Inanition  of  DermesHd  Larvcs, — Wodsedalek  ('17,  Science, 
46:366-367)  reports  remarkable  viability  in  the  larva  of  Trogo- 
derma  tar  sale  (Dermestida).  In  starvation  experiments,  larva 
lived  without  food  as  follows:  newly  hatched,  four  months;  one- 
fourth  grown  larva,  about  fourteen  months;  those  about  one-half 
grown,  almost  three  years;  those  three-fourths  grown,  four  years; 
most  of  the  largest  specimens,  over  four  years,  several  over  four 
and  one-half  years ;  and  one  of  the  largest,  five  years  and  approxi- 
mately two  months.  Gradual  reduction  in  body-size  was  one  char- 
acteristic of  the  starvation  effect.  Ecdysis  also  occurred  at  inter- 
vals, the  successive  cast  skins  being  smaller  and  smaller.  Starved 
individuals  which  had  almost  attained  the  maximum  decrease  again 
grew  in  size  when  supplied  with  plenty  of  food,  alternate  inanition 
and  feeding  accompanied  by  alternate  reduction  and  increase  of  size . 
was  accomplished  three  distinct  times  with  the  same  individuals. 

Development  of  Malpighian  Tubules, — Nelson  ('17,  Science, 
46:343-345)  contributes  to  the  knowledge  of  the  relation  of  the 
Malpighian  tubules  to  the  hind-intestine  in  the  larva  of  the  honey- 
bee. The  mid-intestine  is  essentially  a  blind  sac  and  subsequently 
there  is  established  a  connection  between  the  mid-intestine  and  the 
hind-intestine.  In  the  feeding  larva  of  the  honey-bee,  the  caudal 
ends  of  the  tubules  are  blind  from  the  time  of  hatching  up  to  the 
sealing  of  the  cell.    After  the  cell  is  capped,  a  communication  be- 
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tween  the  mid-  and  hind-intestine  is  developed  through  which  the 
fecal  accumulations  of  the  former  are  expelled  and,  at  the  same 
time,  each  of  the  four  Malpighian  tubules  establishes  connection 
with  the  hind-intestine  by  a  fine  canal.  "The  history  of  the  Mal- 
pighian tubules  and  that  of  the  mid-intestine  during  the  feeding 
period  of  larval  life  are  therefore  parallel  in  that  both,  in  addition 
to  performing  their  original  functions,  retain  and  store  up  the 
accumulated  excreta  which  is  discharged  only  after  feeding  ceases, 
when  such  discharge  on  the  interior  of  the  cell  occupied  by  the  larva 
would  not  involve  contamination  of  the  food." 

Starzfation  and  Wing  Dez^clopment. — Gregory  ('17,  Biol.  Bull., 
33  -.296-303 ),  in  a  study  of  the  effect  of  starvation  on  the  wing  devel- 
opment of  the  green  pea  aphid,  Microsiphum  destructor,  offers  data 
leading  to  the  conclusion  that  external  conditions  control  the  appear- 
ance of  wings  in  this  species.  Under  normal  conditions,  winged  and 
wingless  individuals  appear  in  varying  numbers  at  different  periods 
in  the  life  history,  the  wingless  forms  predominating  in  the  early 
part  of  the  season,  while  the  winged  forms  multiply  toward  the  end 
of  the  summer.  The  summary  of  all  experiments  on  wingless  par- 
ents shows  "that  25  starved  individuals  produced  1,257  young,  46 
per  cent,  of  which  had  wings ;  that  22  normal  individuals  produced 
1,149  young,  9.7  per  cent,  of  which  were  winged.  The  starved 
mothers  had  about  three  times  as  many  winged  young  as  the  con- 
trol." Since  the  food  supply  was  the  only  variable  factor,  it  alone 
must  be  responsible  for  the  results.  Temperature  may  have  an 
indirect  effect  in  decreasing  the  appearance  of  wings,  and  there  is 
some  possibility  that  overcrowding  on  the  plants  out  in  nature  may 
also  have  an  effect  due  to  decrease  of  food  supply.  The  suggestion 
that  the  first  born  of  the  mother  would  be  better  nourished  and 
fewer  wings  would  appear  than  in  those  born  at  the  end  of  the 
reproductive  period  is  not  supported,  counter-evidence  appearing  in 
the  larger  number  of  winged  forms  in  the  offspring  of  the  older 
parents.  In  experiments  on  winged  mothers,  starvation  seemingly 
had  little  effect.  It  thus  appears  that  reduction  of  food  supply  is 
the  chief  factor  in  bringing  about  the  appearance  of  wings  in  the 
progeny  of  wingless  mothers.  "The  wing  anlage  appears  to  be 
present  in  all  the  parthenogenetic   females  and  depends   directly 
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upon  the  condition  of  the  food  supply  of  the  mother  for  its  stimu- 
lation or  suppression  of  development." 

Olfactory  Organs  of  Lepidoptera,  —  Mclndoo  ('17,  Joum. 
Morph.,  29:33-54)  made  a  morphological  study  of  the  olfactory 
pores  of  forty-three  species  of  Lepidoptera  distributed  among  nine- 
teen families  in  order  to  determine  whether  these  organs  are  better 
adapted  structurally  to  receive  olfactory  stimuli  than  are  the  anten- 
nal  organs.  It  was  found  that  the  olfactory  pores  of  Lepidoptera 
occur  on  the  legs,  wings,  and,  in  some  species,  on  the  mouth  parts. 
The  disposition  of  these  pores  is  similar  to  that  of  Hymenoptera  and 
Coleoptera.  Structurally,  they  resemble  those  of  other  insects, 
allowing  for  certain  slight  variation.  Since  in  these  olfactory  pores 
the  ends  of  the  sense  fibers  come  into  direct  contact  with  the  air, 
they  are  better  adapted  structurally  to  receive  olfactory  stimuli  than 
are  the  antennal  organs  which  are  covered  with  hard  chitin. 

Paul  S.  Welch. 

Kansas  State  Agricultural  College. 

PHOTOMICROGRAPHS   IN    COLOR 

Mees  (American  Photography  1917;  and  English  Mechanic, 
Sept.  14,  1917)  communicates  from  the  research  laboratory  of  the 
Eastman  Kodak  Co.  the  process  of  making  lantern  slides  repre- 
senting photomicrographs  of  stained  sections.  The  print  is  made  in 
stained  gelatin  instead  of  the  usual  process. 

The  process  of  making  such  a  print  is  as  follows:  Lantern 
plates  (Seed  or  Standard  plates  are  satisfactory)  are  sensitised  by 
bathing  for  five  minutes  in  a  2j4  per  cent,  solution  of  ammonium 
bichromate  containing  5  c.c.  of  strong  ammonia  to  the  litre,  the 
temperature  of  the  bath  being  not  above  65°  F.  The  plates  are 
then  rinsed  for  two  or  three  seconds  in  clean  water,  drained,  and 
dried  as  uniformly  as  possible,  being  kept  in  the  dark  during  drying. 
The  sensitised  plates  are  then  exposed  through  the  glass  under 
the  n^^tive  to  the  light  of  an  arc  lamp,  the  average  exposure  being 
about  three  minutes  at  18  inches  distance.  Printing  cannot  be 
done  by  daylight,  or  sharp  images  will  not  be  obtained.  The  exposed 
plates  are  then  developed  by  rocking  in  trays  of  water  at  about 
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120**  F.  until  all  soluble  gelatin  is  removed.  Under-exposure  is 
indicated  by  the  high-light  detail  washing  away,  and  over-exposure 
by  the  film  being  insoluble  to  too  great  a  depth.  The  plates  are 
then  rinsed  in  cold  water,  fixed  in  hypo,  and  washed  free  of  the 
hypo.    They  are  then  ready  for  staining. 

The  staining  is  done  with  a  one  per  cent,  solution  of  dye  con- 
taining one  per  cent  of  acetic  acid,  the  dye  being  selected  to  simu- 
late most  closely  the  original  stain  of  the  section,  the  time  of  dyeing 
being  chosen  so  that  the  necessary  depth  is  obtained. 

When  sections  stained  with  two  different  colours  are  being 
photographed,  negatives  are  made  through  suitable  colour-filters, 
and  are  then  dyed  in  the  two  stains  and  placed  face  to  face  so  that 
a  two-colour  slide  is  obtained. 

Suppose  a  section  is  stained  red  and  green.  Two  negatives  are 
made  on  panchromatic  plates — one  with  a  red  filter,  which  will  cause 
the  green  to  appear  as  clear  spaces  in  the  negative  and  will  not 
record  the  red,  and  the  other  with  a  green  filter,  which  will  record 
the  red  and  not  the  green.  The  slides  made  as  described  from 
these  in  bichromated  gelatin  are  stained — ^that  from  the  red  n^ative 
with  the  original  green  stain,  and  that  from  the  green  n^^ative  with 
the  original  red  stain. 

The  filters  required  can  be  chosen  from  the  set  of  filters  for 
photomicrography  prepared  under  the  name  of  Wratten  M  filters. 
The  choice  of  the  filter  is  decided  by  visual  trial  under  the  micro- 
scope, the  filters  chosen  being  those  which  most  nearly  absorb  one 
colour  and  transmit  the  other.  Thus,  photographing  a  section 
stained  with  Delafield's  haematoxylin  and  precipitated  eosin,  the  A 
filter  (red)  shows  no  trace  of  the  eosin,  and  gives  a  good,  strong 
n^^tive  of  the  hematoxylin.  The  B  and  C  filters  are  used  together 
for  the  other  negative,  giving  a  blue-green  colour  and  recording 
the  eosin  and  hematoxylin  both  fully,  and  from  these  two  n^^- 
tives  positives  are  made  and  stained  with  a  blue  and  a  red  dye. 

A    SHORT    METHOD   OF    PREPARING    HISTOLOGICAL    MATERIAL 

Dr.  L.  W.  Strong,  Pathologist,  Woman's  Hospital,  New  York 
City,  published  the  following  modification  of  current  histologic 
methods  in  the  Journal  of  the  American  Medical  Association  for 
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June  17,  1916.  This  method  was  devised  to  shorten  the  time  for 
making  reports  on  histologic  specimens,  and  I  find  that  it  is  in  every 
respect  equal  to  the  r^^r  routine  procedure.  The  time  is  reduced 
to  three  days  together  with  a  considerable  saving  in  labor  and  re- 
agents. 

1.  Fix :    10%  liquor  formaldehyde  in  80%  alcohol,  over  night. 

2.  95%  alcohol,  8-10  hours. 

3.  Acetone,  from  one-half  to  two  hours. 

4.  Chloroform-paraffin,  over  night  in  warm  place. 

5.  Paraffin,  four  hours.    48**  C,  m.  p.,  2  hours ;  52®  C,  m.  p.,  2  hours. 

6.  Embed. 

H.  R.  Eggleston. 
Marietta  College,  Marietta,  Ohio. 

ORGANIC  EVOLUTION 

This  book  is  a  comprehensive  statement  of  the  more  important 
facts  and  theories  relating  to  organic  evolution.  It  contains  a  per- 
fectly stupendous  amount  of  material,  gathered  and  organized  from 
various  sources,  and  is  based  on  the  author's  twenty-three  years  of 
teaching.  The  excellence  of  the  contribution  is  in  this  organization 
rather  than  in  originality  of  conception  or  statement.  It  is  quite 
safe  to  say  that  the  result  will  prove  a  boon  to  the  student  and 
teacher,  as  a  carefully  worked  out  compend. 

This  volume  differs  from  the  general  run  of  such  books  pub- 
lished in  the  last  fifteen  years,  by  its  larger  emphasis  upon  the  geo- 
logical illustrations  and  its  fuller  treatment  of  the  palaeontological 
data. 

The  book  is  divided  into  three  parts.  Part  I  includes  six 
chapters  on  the  history  of  the  idea  of  evolution ;  the  organic  king- 
dom; classification;  geographic,  bathymetric  and  geological  distri- 
bution. Part  II,  under  the  general  title  "Mechanism  of  Evolution," 
treats  in  six  chapters  such  subjects  as  natural,  sexual  and  artificial 
selection,  variation  and  mutation,  heredity,  inheritance  of  acquired 
characters,  orthogenesis  and  kinetogenesis.  Part  III,  of  twenty-six 
chapters,  entitled  "Evidences  of  Evolution,"  is  sub-divided  into 
three  sections :  ontogeny ;  morphology  and  adaptations ;  and  Pala- 
ontolpgy. 
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The  evolution  of  the  vertebrates  is  discussed  at  considerable 
length,  including  chapters  on  the  reptiles,  the  birds,  the  archaic 
mammals,  the  modern  mammals,  the  carnivores,  the  proboscideans, 
the  horses,  the  camels,  and  man. 

It  is  well  indexed  and  illustrated. 


Organic  Evolution,  by  Richard  Swann  Lull.     Illustrated  by  253  figures;  729  pages. 
The  Macmillan  Co.,  1917. 


ORIGIN   AND  EVOLUTION   OF  LIFE 

In  this  book  Osbom  undertakes  to  deal  with  evolution  in  terms 
of  energy, — of  action,  reaction,  and  interaction, — rather  than  in 
terms  of  mechanism.  Life,  whether  simple  or  complex,  is  chiefly 
concerned  with  capture  of  energy,  storage  of  energy,  and  release 
of  energy.  Mechanism  has  taken  form  about  these  physicochemical 
processes.  The  physicochemical  actions  and  interactions  entering 
into  life-phenomena  the  author  sums  up  as  follows:  (1)  those 
of  the  inorganic  environment ;  (2)  those  of  the  developing  organism ; 
(3)  those  of  the  germ  or  heredity  chromatin,  and  (4)  the  life  en- 
vironment. 

Evolution  is  proceeding  in  each  of  these  realms,  and  the  sci- 
entific and  philosophic  problem  is  to  discover  how  these  four  evolu- 
tions interact  and  are  adjusted  to  each  other.  In  particular  it  is 
to  be  determined  how  the  evolution  of  the  germ  plasm  is  influenced 
by  and  adjusted  to  the  changes  in  the  other  three. 

The  treatment  of  life  origins  revolves  about  the  following 
proposition :  "Every  physicochemical  action  and  reaction  concerned 
in  the  transformation,  conservation,  and  dissipation  of  energy  pro- 
duces also  either  as  a  direct  result  or  as  a  by-product  a  physico- 
chemical  agent  of  interaction  which  permeates  and  affects  the  organ- 
ism as  a  whole  or  affects  some  special  part.  Thru  such  interaction 
the  organism  is  made  a  unit,  and  acts  as  one,  because  the  activities 
of  all  the  parts  are  correlated."  And  thus  as  the  evolution  of  action 
and  interaction,  of  receptors  and  effectors,  has  proceeded  there  has 
been  a  corresponding  evolution  of  interaction  which  is  responsible 
for  the  harmony  within  the  organism.  Heredity  becomes,  in  this 
conception,  an  outcome  of  the  evolution  of  interaction. 
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As  instance  and  illustration  of  such  rq^ulating  and  balancing 
of  actions  and  reactions  may  be  cited  internal  secretions,  products 
of  life  reactions  which  circulate  in  the  system  and  secure  coordina- 
tion of  activities  at  various  points  within  it. 

Qearly  the  present  state  of  our  knowledge  will  allow  only  the 
most  elementary  elaboration  of  such  a  thesis.  The  author  under- 
takes specifically  to  suggest  the  manner  in  which  the  lower  organ- 
isms,— ^bacteria,  algas,  etc.,— capture  electric  energy,  heat  energy,  the 
energy  of  sunlight  in  the  building  up  of  the  form  of  living  substance. 

In  the  second  part  of  the  book  the  evolution  of  the  animal  form 
is  traced  in  invertebrates  and  chordates  as  shown  in  the  geological 
record,  in  an  effort  to  illustrate  how  adaptive  form  may  arise  in 
connection  with  the  essential  actions,  reactions,  and  interactions. 
In  this  enterprise  the  author  develops  advantageously  his  well  known 
principle  of  adaptive  radiation  in  the  external  body  form  as  illus- 
trated in  vertebrate  evolution. 

All  zoologists  will  be  grateful  to  the  writer  for  putting  the 
familiar  material  from  a  new  point  of  view.  It  is  a  compelling 
and  stimulating  statement.  More  than  any  recent  writing  on  the 
subject,  this  book  synthesizes  the  evolutions  of  astronomy,  geology, 
physics,  chemistry  and  biology. 

The  book  is  a  beautiful  and  satisfying  product  of  evolution,  both 
in  respect  to  its  energy  and  its  mechanical  form. 

The  Origin  and  Evolntion  of  Life,  by  Henry  Ftirfield  Osborn.  Illustrated,  350 
pages.     Charles  Scribner's  Sons,  1917.    Price  $3.00  net. 

THE  MICROSCOPE 

This  classic  manual,  produced  by  our  long-time  member  and 
past  president.  Professor  S.  H.  Gage,  is  now  in  its  twelfth  edition. 
This  edition,  which  is  largely  revised,  differs  from  previous  ones 
chiefly  in  the  omission  of  matter  pertaining  to  micro-chemistry  and 
metaUc^^phy,  and  in  the  up-to-date  treatment  of  those  elaborations 
of  processes  and  apparatus  that  have  taken  place  during  the  last 
ten  years.  These  include  especially, — ^the  single  objective  binocu- 
lar ;  the  dark-field  illuminator ;  apparatus  making  possible  the  appli- 
cation of  powerful  electric  lights  for  demonstration  and  drawing; 
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improvements  making  for  the  development  of  photo-micrography; 
and  the  modification  of  artificial  light  to  day-light  perfection  by 
glass  filters. 

There  are  twelve  chapters  covering  the  usual  range  of  the 
microscopy.  Each  chapter  is  followed  by  a  list  of  collateral  ref- 
erences, and  a  general  bibliography  concludes  the  book.  Chapter 
XII  gives  a  brief  history  of  lenses  and  other  optical  portions  of  the 
microscope. 

The  user  of  Professor  Gage's  book  profits  by  the  fact  that 
the  writer  is  always  alert  to  the  practical  bearing  of  any  develop- 
ment upon  actual  successful  laboratory  use  rather  than  concerned 
with  the  mere  physical  or  theoretical  perfection  of  the  device. 

The  Microscope,  an  Introduction  to  Microscopic  Methods,  and  to  Histology;  bj 
Simon  Henry  Gage.  Twelfth  Edition;  472  pages,  252  figures.  Comstock  Publishing  Co., 
Ithaca,  N.  Y.,  1917.     Price  $3.00. 
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lowing members : 

Brown,  Dr.  Amos  P.,  '11 Germantown,  Pa. 
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Valentine,  H.  E.,  '11 Boston,  Mass. 

Ward,  Dr.  R.  Halstead  (Charter  and  Honorary 

Member) Troy,  N.  Y. 

More  extended  notices  will  appear  later. 
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INSECTS  AS  CARRIERS  OF  DISEASE 

By  Malcolm  Evak  MacGbkok 

Wellcome  Bnrean  of  Scientific  Retewch 

So  much  has  been  said  about  insects  since  the  War  began  that 
it  is,  I  think,  advisable  that  some  attempt  should  be  made  to  sum- 
marize our  knowledge  of  the  more  important  insect-borne  diseases 
and  their  vectors.  While  insects  have  long  been  suspected  of  being 
responsible  for  the  transmission  of  serious  diseases,  it  may  be  said 
that  practically  the  whole  of  our  knowledge  of  insects  in  this  role 
has  been  acquired  within  the  past  twenty  years.  So  rapidly,  how- 
ever, has  the  diarge  of  this  offence  been  made  out  against  them 
that,  although  it  is  common  knowledge  they  have  been  proved  guilty, 
it  is  not  generally  realized  upon  how  many  counts  the  verdict  rests. 

It  has  lately  been  my  good  fortune  to  give  class  instruction 
for  the  War  Office  to  officers  of  the  R.  A.  M.  C.  who  are  proceed- 
ing to  the  East,  and,  in  order  to  bring  home  to  my  audience  the 
importance  of  the  connection  between  insects  and  disease,  I  have 
compiled  the  tables  which  I  now  publish.  These  can  in  no  way 
claim  to  be  complete,  but  merely  present  the  more  important  insect- 
borne  diseases,  including  important  human  diseases  that  on  certain 
grounds  are  suspected  of  having  insect  vectors.  With  these  tables 
I  also  publish  one  (Table  VI)  which  includes  the  chief  insects  and 
acarina  that  are  directly  the  cause  of  disease  in  man  and  his  domestic 
animals.  To  complete  the  list  of  insect-transmitted  diseases  would 
demand  the  consideration  not  only  of  other  mammals  as  hosts, 
but  also  of  avian  and  reptilian  hosts.  In  the  present  instance  this 
would  be  to  carry  the  subject  beyond  general  interest,  but  it  must  be 
remembered,  therefore,  that,  long  as  the  present  list  of  charges 
is,  insects  are  not  here  arraigned  on  all  the  counts  that  might  with 
justice  be  preferred  against  Uiem. 
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During  the  last  few  years  medical  entomology  has  been  rapidly 
establishing  itself  an  an  invaluable  branch  of  preventive  medicine, 
and  with  the  outbreak  of  the  present  War  a  great  deal  of  interest 
and  study  has  been  devoted  to  this  subject  in  Europe,  notably  in 
connection  with  the  transmission  of  t3rphus  fever  by  lice,  and  the 
dissemination  of  bacteria  and  other  organisms  by  flies.  Moreover, 
the  importance  of  insect  vectors  has  been  generally  realized,  and 
many  of  the  astonishing  interactions  between  paUiogenic  micro- 
organisms and  certain  arthropoda  have  become  popular  knowledge. 

Centuries  ago  insects  were  suggested  as  being  possibly  con- 
cerned in  the  spread  of  disease,  and  from  time  to  time  such  logical 
hjrpotheses  were  advanced  that  it  is  surprising  that  the  establishment 
of  the  truth  was  not  sooner  forthcoming.  In  1577  Mercurialis,  an 
Italian  physician,  suggested  that  plague,  which  was  then  ravaging 
Europe,  was  spread  by  flies  feeding  upon  the  diseased  and  dead,  and 
later  depositing  faecal  matter  on  food  constuned  by  healthy  persons. 
This  idea  held  ground,  and  various  suggestions  occur  as  to  the 
spread  of  disease  by  flies  in  the  literature  of  the  eighteenth  century. 
Edward  Bancroft  in  1769  advanced  the  theory  that  ''3raws"  was 
transmitted  by  flies  feeding  on  diseased  subjects,  and  carrying  the 
contagion  by  settling  on  open  wounds  or  scratches  on  healthy  per- 
sons. 

In  1848  Dr.  Josiah  Nott,  of  Mobile,  Alabama,  published  a 
remarkable  article  in  which  he  gave  reasons  for  supposing  that 
yellow  fever  was  an  insect-borne  disease.  However,  although  he 
mentioned  many  insects,  he  did  not  specify  any  insect  as  the  particu- 
lar vector. 

The  connection  between  malaria  and  the  mosquito  had  long 
been  held,  it  is  said,  by  the  Italian  and  Tyrolese  peasants,  and  even 
by  the  natives  of  East  Africa,  but  the  first  charge  brought  against 
the  mosquito  in  the  spread  of  disease  by  scientific  authority  was  in 
connection  with  yellow  fever. 

In  1853  Dr.  Daniel  Beauperthuy,  a  French  physician,  wrote 
ably  arguing  that  yellow  fever  and  other  fevers  were  transmitted  by 
mosquitoes,  but  in  those  days  there  being  no  accepted  belief  in  a 
contagium  vivum,  he  concluded  that  the  virus  was  obtained  from 
decomposing  material  that  the  mosquito  had  consumed,  and  which 
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was  later  accidentally  inoculated  into  man.  Raimbert  in  1869 
showed  by  experiment  that  anthrax  could  be  disseminated  by  flies. 

Epodi-making  in  the  history  of  our  knowledge  of  insect  vectors 
was  Manson's  discovery  in  1878  that  Fihria  bancrofti  was  spread 
by  mosquitoes,  but  at  first  he  thought  the  fUaruB  escaped  from  the 
insect  into  water,  and  reached  man  in  this  manner.  Later  work 
by  Manson  and  his  colleagues  determined  the  exact  means  of  trans- 
mission. 

It  was  not  until  twenty-eight  years  after  Beauperthuy's  theory 
that  Charles  Finlay,  an  American  of  Havana,  in  1881  definitely 
attributed  the  transmission  of  yellow  fever  to  a  mosquito  of  a 
definite  species.  He  had  noticed  the  connection  that  seemed  to  exist 
between  the  presence  of  large  numbers  of  Stegomyia  fasciata  and 
the  prevalence  of  yellow  fever.  He  then  attempted  to  transmit 
the  disease  experimentally  by  the  bites  of  this  mosquito,  and  al- 
though his  experiments  are  open  to  criticism,  there  is  no  doubt  that 
he  did  succeed  in  doing  so. 

Three  years  later,  in  1883,  another  American,  A.  F.  A.  King, 
advanced  the  first  well  formulated  mosquito-malaria  theory,  and  in 
1898  Ross,  in  India,  demonstrated  beyond  doubt  the  important  role 
played  by  mosquitoes  in  the  transmission  of  malaria. 

In  1899  the  American  Yellow  Fever  Commission  (Reed,  Car- 
roll, Lezear,  and  Agramonte)  were  sent  to  Cuba,  and  were  there 
able  to  demonstrate  with  certainty  that  yellow  fever  is  transmitted 
by  5*.  fasciata. 

It  is  interesting  thus  to  note  the  almost  parallel  development 
in  time  of  our  knowledge  of  two  of  the  most  important  insect-borne 
diseases.  To  deal  even  briefly  with  the  historical  aspects  of  our 
knowledge  of  other  diseases  tabulated  below  would  be  to  consume 
a  large  amount  of  space,  and  the  foregoing  account  will  have  indi- 
cated the  path  that  has  led  to  subsequent  discoveries  whose  histories 
are  readily  available. 

I  will  pass,  therefore,  to  a  few  notes  on  each  of  the  tables. 

Notes  to  Table  I. — Diseases  of  Unknown  Origin 
The  majority  of  these  diseases  are  doubtless  caused  by  living 
viruses;  often  organisms  of  ultra-microscopic  size,  and  commonly 
referred  to  as  "filterable  viruses." 
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In  the  case  of  pellagra  it  would  appesLt,  however,  from  the 
most  recent  work  that,  although  it  is  still  considered  by  many 
persons  to  be  a  possible  insect-borne  disease  (and,  according  to 
Sambon,  having  a  likely  vector  in  either  the  Ceraiopogani$uB  or 
SimulUdiB),  Goldberger  in  America  considers  it  a  disease  now  cer- 
tainly attributaUe  to  vitamine-starvation  through  an  unbalanced 
diet.  If  this  is  the  case,  there  is  no  causative  organism  and  no  vector, 
and  pellagra  should  be  ruled  out  of  present  consideration.  The 
question,  nevertheless,  is  by  no  means  settled. 

The  virus  of  acute  anterior  poliomyelitis  is  still  not  isolated 
with  certainty.  Flexner  and  his  colleagues  have  been  able  to  culti^ 
vate  a  filterable  micro-organism  which  produced  the  disease  in 
experimental  animals,  and  more  recently  Rosenow  and  his  fellow 
workers  have  isolated  a  pol}rmorphous  streptococcus,  with  which 
they  were  also  able  to  proouce  paralysis  in  certain  animals.  Nuzum 
and  Herzog  were  able  to  do  likewise  by  a  Gram-positive  micrococcus 
isolated  from  the  brain  and  spinal  cord  of  persons  dead  from  the 
disease. 

Poliomyelitis  has  been  very  generally  suspected  of  being  trans- 
mitted by  insects,  particularly  by  Stomoxys  calcitrans  (the  stable- 
fly),  fleas,  and  Tabanida  (gad-flies).  Nevertheless,  it  appears  more 
likely  that  it  has  an  xrial  transmission,  infection  being  acquired 
through  the  buccal  and  nasal  mucous  membranes. 

The  causative  organism  of  Rocky  Mountain  spotted  fever,  W<ri- 
bach  claims  to  have  discovered  in  the  bodies  of  infective  ticks  (Der- 
macentor  venustus). 

Notes  to  Table  II. — ^Diseases  of  Bacterial  Origin 

In  the  majority  of  cases,  diseases  of  this  class  have  an  indirect 
transmission  by  insects — that  is  to  say,  instead  of  the  organism 
entering  the  body  of  the  host  through  inoculation  by  the  bite  of  an 
insect  (direct  transmission),  the  organisms  are  carried  in  or  on  the 
insect's  body,  and  are  deposited  by  contact  on  htunan  food  or  skin 
abrasions,  and  in  this  manner  cause  infection. 

Bacillus  tuberculosis  may  be  disseminated  by  house-flies  feeding 
on  infective  sputum,  as  was  first  shown  by  Spillman  and  Haushalter 
(1887),  and  subsequently  by  the  investigations  of  other  workers. 
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With  the  high  vitality  and  resistance  to  drying  possessed  by  the 
B.  tuberculosis,  the  possibly  long  incubation  period  within  the  body 
and  the  insidious  onset  of  the  disease,  the  danger  from  Musca 
domestica  in  this  connection  is  still  not  sufficiently  recognized. 

Human  infection  with  plague  and  typhus  has  been  shown  to 
be  acquired  principally  by  the  entrance  of  the  virus  through  skin 
lesions,  the  insect  vector  having  been  crushed  either  during  or 
after  the  act  of  blood-sucking.  The  stomach  contents  or  infected 
excreta  may  be  rubbed  into  the  lesions  or  gain  entry  through 
abrasions  caused  by  scratching. 

This,  however,  does  not  preclude  the  possibility  of  direct  infec- 
tion also  occurring,  at  least  sometimes  in  the  case  of  plague,  as  the 
infected  flea  has  the  proventriculus  occluded  by  the  plague  organ- 
isms when  the  flea  infection  is  at  its  height  Septicaemia  following 
mosquito  bites  occasionally  happens,  and  as  likely  as  not  the  path- 
ogenic organisms  are  introduced  when  the  mosquito  bites.  Direct 
transmission  by  blood-suddng  insects  may  possibly  also  occur  in 
certain  instances  in  the  spread  of  tuberculosis  and  leprosy. 

If  Wolbach's  organism  (see  Table  I  and  notes  thereto)  is 
proved  to  be  the  cause  of  Rocky  Mountain  spotted  fever,  this  will 
also  be  a  disease  of  bacterial  origin  with  direct  transmission  through 
a  tick,  Dertmicentor  venustus. 

Notes  to  Table  III. — ^Diseases  of  Spiroch^stal  Origin 

With  these  diseases  the  usual  method  of  transmission  is  direct 
— ^that  is  to  say,  through  the  bites  of  the  insect  vectors. 

Exceptions  occur  in  the  case  of  relapsing  fever  transmitted 
indirectly  by  lice,  and  yaws  where  Musca  domestica  may  at  times 
convey  the  organism  from  diseased  to  healthy  persons. 

Notes  to  Table  IV. — ^Diseases  of  Protozoal  Origin 

Both  direct  and  indirect  methods  of  transmission  by  insects 
occur  with  diseases  of  this  class.  With  the  intestinal  parasites, 
indirect  transmission  takes  place  by  the  flies  feeding  on  faeces  con- 
taining the  resistant  stages  (cysts),  and  later  depositing  them  on 
human  food  and  drinking  water  either  by  r^^rgitation  of  the 
stomach  contents,  or  more  often  per  anum,  as  Wenyon  and  O'Con- 
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nor  have  shown  recently.*  Needless  to  say,  infection  also  occurs — 
and  perhaps  principally — by  mechanical  and  aerial  transmission  of 
the  cysts  to  food  and  water. 

The  majority  of  the  protozoal  blood  parasites  have  insect 
vectors,  on  which  they  depend  solely  for  transmission,  and  in  cer- 
tain cases  these  vectors  are  specific:  Malaria,  Anophelines;  sleep- 
ing sickness,  Glossina;  European  relapsing  fever,  Pediculi.  Other 
insect-borne  blood  parasites  are  apparently  able  to  be  transmitted  by 
more  than  one  vector,  i.  e.,  Kala-azar,  bed-bug  (Patton)  ;  kala-azar, 
Triatoma  rubofasciatus  (Donovan);  Souma  (Trypanosomiasis), 
Glossinct;  Souma  (Stomoxys  calcitrans). 

Notes  to  Table  V. — Disbars  op  Melminthal  Origin 
With  the  exception  of  possible  infection  with  certain  helminths, 
resulting  from  the  carriage  by  flies  of  helminth  ova  from  faeces 
and  subsequent  deposition  of  the  ova  on  food,  the  insect-borne 
helminths  all  undergo  part  of  their  life-history  in  the  body  of  the 
insect  vector.  Thus  the  adult  FUaria  bancrofti  live  in  human 
Ijrmphatic  glands.  The  ova  find  their  way  into  the  blood-stream, 
where  they  hatch  to  the  Microfilariae,  and  some  are  taken  up  irom 
the  blood  when  a  mosquito  bites  a  person  harbouring  the  organisms. 
These,  if  they  have  entered  the  stomach  of  Culex  fatigans,  or  other 
intermediate  host,  soon  make  their  way  to  the  thoracic  muscles  of 
the  mosquito,  where  they  undergo  definite  metamorphosis.  When 
this  IS  complete  (usually  in  from  sixteen  to  twenty  days)  the  worms 
make  their  way  into  the  mosquito's  proboscis,  and  when  next  it 
pierces  the  skin  of  some  victim  the  fikriae  burst  through  the  pro- 
boscis sheath  and  make  their  own  passage  through  the  skin,  from 
which  they  soon  travel  to  some  lymphatic  gland,  where  they  become 
sexually  mature,  and  the  cycle  is  repeated.  Similarly,  Dipylidium 
caninum  passes  part  of  its  life-history  in  the  rat  flea,  and  becomes 
sexually  mature  in  the  dog  or  man.  The  ova  are  ingested  by  the 
larval  flea,  and  infection  by  the  cysticercoid  stage  follows  the  acci- 
dental ingestion  of  the  flea  by  the  definite  host. 

^"The  CarrUge  of  Cyttt  of  Eutamctba  kittolyHea  and  other  protozoa,  and  eggs  of 
Parasitic  Wonna  by  House-flies,  with  some  Notes  on  the  Resistance  of  Cysts  to  Disinfect- 
anto  and  other  Agenti."  C.  M.  WBiryoN  and  F.  W.  0*00111101,  Journal  of  th€  Royai  Army 
Medical  Corps,  May.  1917,  p.  522. 
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Notes  to  Table  VI. — ^Diseases  Dikectly  Attribittable  to 

Insects  and  Acaeina 
In  each  case  the  disease  results  from  the  damage  done  by  the 
insects  and  acarina  in  adopting  existence  upon  the  body  of  the 
host  and  living  upon  its  tissues.  The  time  spent  upon  the  host 
may  cover  the  whole  life-history  of  the  parasite  and  many  subse- 
quent generations,  as  with  Sarcoptes  scabiei  and  the  PedicuU,  or  it 
may  only  embrace  part  of  the  parasite's  development,  as  with  the 
larvae  of  flies  causing  myiasis.  In  either  case  the  injury  to  the  host 
may  be  so  extensive  as  to  cause  death  from  the  loss  of  vital  tissue, 
or  the  injury  itself,  although  insignificant,  may  indirectly  cause 
death  to  the  host  by  providing  a  suitable  path  for  invasion  by  patho- 
gemc  micro-organisms. 

Conclusion 

It  should  be  borne  in  mind  that  a  large  number  of  diseases 
included  in  the  f  orq^oing  tables  are  not  confined  to  being  spread  by 
insects,  and  insect  transmission  may  in  some  cases  only  be  occasional. 
This  fact,  however,  cannot  afford  the  preclusion  of  such  diseases 
from  consideration,  and  where  transmission  of  the  indirect  type  is 
possible,  it  is  obvious  that  we  are  unable  to  form  any  just  estimate 
of  its  relative  importance.  Probably,  nevertheless,  the  dissemina- 
tion of  pathogenic  micro-organisms  by  flies,  for  all  that  has  lately 
been  said  in  this  connection,  has  not  even  yet  been  over-emphasized. 
It  seems  more  than  likely  that  Bacillus  tuberculosis  is  spread  in  this 
manner  from  infective  sputum  to  food  (milk  particularly)  to  a 
much  greater  extent  than  is  commonly  imagined,  and  there  being 
no  probability  of  rapid  acute  infecticm,  as  with  B.  typhosus,  the 
part  played  t^  the  fly  is  too  apt  to  be  overlooked. 

Much  of  our  knowledge  with  regard  to  insects  and  disease 
is  still  indefinite,  as  may  be  seen  from  the  tables,  but  to  anyone 
not  particularly  conversant  with  the  subject,  what  we  already  know 
with  certainty,  even  in  connection  with  only  the  more  important 
diseases  that  have  been  considered,  may  be  sufiident  to  cause 
somt  little  surprise. 
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I.    Introduction 

Parasitologists  have  given  little  attention  to  the  Acanthocephala 
parasitic  in  North  American  birds.  The  result  has  been  a  rather 
general  belief  that  infestation  with  Acanthocephala  in  this  class  of 
vertebrates  is  rare.  It  is  true  that  heavy  infestations  are  more 
commonly  found  in  other  groups  of  vertebrates,  but  many  of  the 


*Contributioti*  from  the  Zoological  Laboratory  of  the  University  of  Illinois,  No.  104. 


Digitized  by  VjOOQIC 


,20  H.  J.  VAN  CXEAVB 

water  and  shore  birds  carry  very  heavy  infestations  of  Acanthoce- 
phala.  Among  the  land  Urds,  while  infestation  is  not  rare,  it  is 
usually  of  less  frequent  occurrence,  and  the  number  of  parasites 
found  in  a  single  host  individual  is  usually  smaller.  Most  of  the 
earlier  records  of  the  occurrence  of  Acanthocephala  in  North  Ameri- 
can birds  ascribe  the  forms  f otmd  to  known  European  species.  This 
is  not  surprising  when  one  reviews  the  extent  to  which  the  study  of 
Acanthocephala  in  birds  has  proceeded  in  Europe.  Yet  the  mere 
fact  that  all  earlier  writers  recognized  but  the  one  genus,  Echino- 
rh3mchus,  in  part  explains  their  lack  of  appreciation  of  specific  char- 
acters within  this  group.  On  the  whole,  most  of  the  earlier  specific 
descriptions  are  little  more  than  sufficient  to  permit  of  later  workers 
recognizing  the  genus  to  which  the  species  belong.  This  lack  in 
qpedfidty  of  earlier  descriptions  quite  naturally  lead  the  new  world 
investigators  to  believe  that  the  species  they  found  on  this  continent 
were  the  same  as  the  European  species,  since  the  descripticms  pub- 
lished contained  insufficient  data  to  permit  of  a  separation. 

As  indicated  by  the  writer  in  an  earlier  paper  (Van  Cleave 
1916  b:  228),  the  acanthocephalan  fauna  of  North  America  is  in 
the  main  a  distinctive  fauna  with  few  species  identical  with  those 
of  the  European  fauna.  The  attempt  on  the  part  of  earlier  para- 
sitologists to  ascribe  names  of  European  species  to  forms  found 
on  this  continent  has,  to  a  great  extent,  hindered  the  appreciation 
of  this  distinctness  of  the  North  American  fauna,  and  at  the  same 
time  has  lead  to  considerable  confusion  rq^rding  the  geographical 
distribution  of  the  genera  and  species  of  Acanthocephala.  Unfor- 
tunately, many  of  the  specimens  of  the  older  writers  are  not  avail- 
able for  restudy  to  determine  the  correctness  of  the  original  deter- 
minations. However,  in  most  cases  where  further  study  has  been 
possible  points  of  difference  from  the  European  species  have  been 
found  too  numerous  to  permit  of  including  the  American  forms  in 
the  European  species. 

The  writer  has  made  an  extensive  study  of  the  Acanthocephala 
of  birds  in  which  he  has  had  access  to  the  collections  of  the  U.  S. 
Bureau  of  Animal  Industry,  the  U.  S.  National  Museum,  the  Marine 
Hospital  Service,  private  collections  of  Dr.  H.  B.  Ward  and  of  the 
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writer.  Papers  covering  die  q>ecies  of  several  genera  of  Avian 
Acantflocephala  have  already  been  publidied  by  the  writer  as  a 
result  of  the  study  of  these  collections.  The  present  article  deak 
with  the  descriptions  of  several  new  species  and  a  reconsideration 
of  some  forms  previously  described,  but  here  for  the  first  time 
ascribed  to  the  proper  genera  as  recognized  by  more  recent  develop- 
ments of  classification  of  die  Acanthocephah.  In  all  cases  the  study 
has  been  made  from  cleared,  stained  specimens  mounted  in  damar. 

Linton  (1892:  92)  recorded  the  occurrence  of  Echinorhynchus 
shiatus  Goeze  from  the  intestine  of  the  black  scoter,  Oidemia  aimerir 
cana,  collected  at  Yellowstone  Lake,  Wyoming.  The  writer  has 
reexamined  the  original  material  of  this  collection  and  finds  that 
these  individuals  constitute  an  undescribed  species  of  the  genus 
Corynosoma.  Linton  (page  92)  remarked  that  the  two  females 
constituting  the  extent  of  the  infestation  of  one  of  the  hosts  differed 
from  the  six  males  from  the  other  host  individual,  in  the  ''absence 
of  spines  at  the  posterior  end''  of  the  former.  It  is  true  that  this 
sexual  dimorphism  is  characteristic  of  the  members  of  the  genus 
Corynosoma  as  indicated  by  the  founder  of  the  genus,  Luhe  (1904 
and  1911). 

Of  the  materials  from  this  collection  deposited  in  the  U.  S. 
National  Museum,  one  entire  female,  a  portion  of  a  second  and 
five  of  the  males,  have  been  studied  by  the  present  writer.  The 
entire  female  specimen  is  immature  but,  fortunately,  the  fragment 
of  a  specimen  is  of  the  anterior  end  of  a  fully  mature  individual 
so  that  the  body  cavity  contains  well  developed  embryos. 

II.    The  Genus  Corynosoma  Luhe,  1904 

The  genus  Corynosoma  was  established  by  Luhe  to  accoHuno- 
date  two  species  of  Acanthocephala  parasitic  in  fish-eating  mammals 
and  birds.  This  genus  is  characterized  by  the  presence  of  spines 
on  the  anterior  end  of  both  sexes  while  in  addition  the  males  bear 
spines  around  the  genital  opening.  The  body  is  swollen  anteriorly 
and  with  its  coating  of  spines  adheres  to  the  intestinal  mucosa  of 
the  host  thereby  furnishing  an  accessory  means  of  attachment  Poe- 
terioriy  the  body  gradually  becomes  smaller. 
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Corynosoma  constrictum  nov.  spec. 
Plate  I,  Figures  1,  2  and  3 
Synonym :    Eehinorhynchus  striatus  Goeze  of  Linton  1892. 

SPECIFIC  DEFINITION.  With  the  characters  of  the  genus.  Body 
of  the  males  228  mm.  to  4.3  mm.  long,  with  a  maximum  diam- 
eter of  from  0.5  mm.  to  0.6  mm.  Linton  gives  the  measurement 
of  a  female  3.3  mm.  long  with  a  diameter  of  0.8  mm..  Proboscis 
slightly  larger  at  base  than  at  tip,  armed  with  sixteen  longitudinal 
rows  of  ten  to  twelve  hooks  each.  Hooks  near  base  of  proboscis 
0.035  to  0.041  mm.  long,  near  middle  of  proboscis  0.041  to  0.047 
mm.  long,  near  tip  of  proboscis  0.030  to  0.041  mm.  long.  A  con- 
striction occurs  around  the  body  at  about  the  anterior  third  (see 
Fig.  1).  In  both  sexes  the  part  of  the  body  wall  anterior  to  this 
constriction  is  armed  with  small  cuticular  spines  about  0.030  mm. 
long.  Each  of  these  spines  is  embedded  in  a  triangular  elevation 
of  the  cuticula  projecting  from  the  general  body  surface.  In  the 
males  there  occurs  in  addition  a  group  of  cuticular  spines  surrotmd- 
ing  the  genital  opening  (Fig.  2).  The  genital  spines  are  of  the 
same  size  as  those  on  the  anterior  region  of  the  body,  usually  with 
the  tip  strongly  recurved.  Embryos  in  body  of  female  80  to  108^ 
long  by  12  to  16fi  wide  (Fig.  3). 

Type  host  Oidemia  atnericana,  in  intestine.  Type  locality  Yel- 
lowstone Lake,  Wyoming.  The  cotypes  of  this  species  are  deposited 
in  the  Smithsonian  Institution ;  the  males  under  catalog  ntmiber  5449 
and  females  tmder  number  5439. 

III.  The  Genus  Plagiorhynchus  Liihe,  1911 
In  the  same  paper  mentioned  above  ( 1892 :  91 )  Linton  described 
another  species  of  Acanthocephala  from  the  intestine  of  a  gull  taken 
at  Guaymas,  Mexico.  To  this  new  species,  founded  on  the  study 
of  one  male  and  one  female,  he  gave  the  name  Eehinorhynchus 
rectus.  The  present  writer  has  examined  the  fonale  of  this  col- 
lection, the  only  specimen  in  the  bottle  of  material  turned  over  to 
him  for  study  from  the  collections  of  the  U.  S.  National  Museum. 
Facts  brought  out  by  the  reexamination  of  the  female  of  this  species 
and  the  study  of  Linton's  description  of  the  male  and  female  dearly 
indicate  that  this  species  belongs  in  the  genus  Plagiorh)mchus,  which 
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up  to  the  present  time  has  not  been  recorded  as  occurring  in  North 
America.  In  the  present  paper  the  writer  describes  still  another 
species  belonging  to  the  genus  Plagiorhynchus. 

CHARACTERS  OP  THE  GENUS  PLAGIORHYNCHUS.      Acanthocephala 

belonging  to  this  genus  are  parasitic  as  adults  in  the  alimentary 
canal  of  birds.  The  proboscis  is  cylindrical  with  numerous  hooks 
arranged  in  radial  symmetry.  The  body  proper,  which  is  entirely 
devoid  of  spines,  is  usually  short,  elliptical,  or  with  a  tendency 
toward  ^;g-shaped.  The  proboscis  receptacle  is  a  double  walled 
muscular  sac  attached  at  the  base  of  the  proboscis.  In  dealing  with 
other  genera  of  Acanthocephala  the  writer  has  found  that  in  Arhy- 
thmorh3mchus  (VanQeave  1916  :a)  the  embryos  in  recently  discov- 
ered American  species  differ  in  appearance  from  those  described  for 
European  species  of  obviously  the  same  genus.  Here  again  in  the 
genus  Plagiorh)mchus  Luhe  (1911:27)  described  embryos  and  fig- 
ured one  having  the  middle  membrane  with  a  conspicuous  spherical 
knob  at  each  of  its  two  poles.  This  he  considered  characteris- 
tic of  the  entire  genus  (1911:26).  The  embryos  of  P.  formosus 
(Fig.  6)  are  elliptical  with  no  polar  knobs.  Here  is  evidence,  in 
addition  to  that  previously  brought  out  by  the  writer  (1916:a)  and 
mentioned  above,  rq^rding  the  advisability  of  (Hnitting  the  shape 
of  the  embryonic  shells  from  the  generic  diagnosis. 

Luhe  (1911:26)  specified  the  presence  of  six  closely  com- 
pacted, thickset,  cement  glands  as  characteristic  of  the  genus  Plagi- 
orhynchus. In  earlier  papers  (1914  and  1916)  the  present  writer  has 
shown  that  shape  and  number  of  cement  glands  may  both  vary 
widely  among  different  species  of  the  same  genus.  Consequently 
I  propose  that  a  fixed  number  of  cement  glands  and  the  shape  of 
the  cement  glands  be  omitted  from  the  list  of  characters  diagnostic 
of  this  genus.  Descriptions  of  two  species,  one  new,  and  the  other 
newly  attributed  to  this  genus  follow. 

Plagiorhynchus  rectus  (Linton,  1892) 

Plate  I,  Figure  7 

Synonym,  Echinorhynchus  rectus  Linton,  1892 

Described  originally  from  one  male  and  one  female  of  which 

the  female  only  has  been  reexamined  by  the  present  writer.    Body 
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of  female  9  mm.  long  and  0«8  mm.  in  diameter.  Probosds  cyUn* 
dricaU  1.9  mm.  long;  0.26  mm.  in  diameter;  armed  with  twenty- 
four  longitudinal  rows  of  about  twenty  hooks  each.  In  specimen 
examined  this  last  ntmiber  was  calculated  on  the  basis  of  the  num- 
ber of  hooks  oa  the  e3qx>sed  portion  of  the  proboscis,  since  the  tip 
of  the  proboscis  is  inverted.  Hooks  near  the  base  of  the  proboscis 
0.082  mm.  long,  with  a  diameter  of  0.016  mm.  at  the  point  of 
emergence  from  proboscis  wall;  hooks  near  middle  of  proboscis 
0.070  mm.  long,  recurved,  with  a  diameter  of  0.020  mm.  at  the 
point  where  the  hooks  curve  backward;  hooks  near  tip  of  pro- 
boscis 0.053  mm.  long.  Male  8.8  mm.  long  and  0.8  mm.  in  diameter. 
Testes  oval,  approximate,  median.  Female  not  fully  mature  so 
measurements  of  embryos  cannot  be  given. 

Type  host.  Lams  (Chroicocephalus)  sp.  taken  at  Guaymas, 
Mexico.  Type  female  dq)osited  in  U.  S.  Naticmal  Museum,  cata- 
log number  5431. 

Plagiorhynchtis  formosus  nov.  spec. 
Plate  I,  Figures  4,  5  and  6 

SPEaPic  DEFINITION.  With  the  characters  of  the  genus.  Body 
about  10  mm.  long,  elliptical  to  slightly  ovoid.  Proboscis  practically 
cylindrical,  diameter  about  one-third  of  length;  armed  with  sixteen 
longitudinal  rows  of  thirteen  to  fourteen  hooks  each.  Cement  glands 
long,  tubular.  Hard  shelled  embryos  inside  body  of  female  ellip- 
tical, 48  to  60^  long  by  12  to  20/i«  in  diameter. 

This  species  is  described  from  four  mature  individuak,  two 
males  and  two  females,  in  the  Parasite  Collection  of  the  U.  S.  Bu- 
reau of  Animal  Industry ;  catalog  number  4598.  The  writer  desig- 
nates one  male  and  one  female  as  types  of  the  species.  Descriptions 
of  these  follow. 

TYPE  MALE.  Body  elliptical  with  anterior  and  posterior  ex- 
tremities slighUy  flexed  ventrally;  entire  length  8.5  mm.;  maximum 
diameter  2  mm.  Body  proper  devoid  of  spines.  Proboscis  sub- 
cylindrical,  length  1.06  mm.,  diameter  0.33  mm.,  armature  as  men- 
tioned in  definition  of  species.  The  following  table  of  measure- 
ments of  hooks  in  a  single  row  from  tip  to  base  of  proboscis 
indicates  relative  size  of  hooks  in  various  r^ons  of  probosds. 
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Probosds  recq>tRcle  cylindrical,  U3  mm.  loi^,  0.42  mm.  in 
diameter,  base  of  the  receptacle  rounded,  with  invertors  of  pro- 
boscis penetrating  posterior  extremity  (Fig.  4).  Brain  0.180  mm. 
long,  in  center  of  proboscis  receptacle,  betwe^i  the  invertors.  Redn- 
acula  conspicuous  at  the  middle  of  the  proboscis  receptacle.  Lem- 
nisd  0.192  mm.  long,  0.058  mm.  in  diameter.  Anterior  and  posterior 
testes  form  an  oblique  line  of  contact;  each  1.15  mm.  long  and  0.6 
mm.  in  diameter.  Cement  glands  long,  tubular,  extending  from  the 
dorsal  margin  of  posterior  testis  to  rq^on  of  bursa. 

TYPE  FEMALE.  Body  more  nearly  cylindrical  than  type  male, 
9.5  mm.  long,  2  mm.  in  diameter.  Tip  of  proboscis  slightly  inverted, 
size  and  aramture  practically  identical  witih  that  described  for  male. 
Body  filled  with  developing  embryos  surrounding  and  covering 
almost  all  of  internal  organs.  Hard  shelled  embryos  within  type 
female  rather  variable  in  size,  40  to  60^  long  by  12  to  20/*  in 
cKameter. 

Type  host,  the  flidcer,  Colaptes  auratuSs  in  intestine.  The  four 
specimens  upon  which  the  species  is.  founded  were  collected  at  Bowie, 
Blaryland,  October  9,  1906,  by  Dr.  B.  H.  Ransom. 

MORPHOLOGY.  The  males  of  this  species  display  a  phenomenal 
transparency  of  body  structures  so  that  in  stained  whole  mounts 
minute  internal  structures  are  observable  with  the  greatest  ease. 
The  proboscis  in  the  preserved  specimens  is  so  inserted  that  it 
points  ventrally  at  an  angle  of  approximately  60  degrees  from  the 
chief  axis  of  the  body.  At  the  base  of  the  proboscis  the  body  proper 
is  slightly  expanded  to  form  a  thickened  rim.  The  proboscis  recep- 
tacle is  a  cylindrical  sac  coiiq)osed  of  two  muscular  layers.  The 
retinacula  arise  in  the  brain  as  two  fairly  small  fibres.  Upon  pene- 
tration of  the  wall  of  the  receptacle  their  size  increases  appreciably. 
This  increased  size  is  maintained  throu^  the  remainder  of  their 
course  to  their  insertion  upon  the  body  wall.  The  means  of  inser- 
tion upon  the  wall  of  the  body  is  shown  in  Fig.  4.  The  lemnisd 
are  slightly  longer  Aan  the  proboscis  receptacle  and  of  smaller 
(fiameter  throughout. 
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The  two  testes  of  the  male  are  rotighly  oval,  lying  in  the  anterior 
rq^on  of  the  body.  Liihe  (1911:26)  described  six  closely  com- 
pacted cement  glands  as  characteristic  of  the  genus  Plagiorhynchus. 
P.  formosus  appears  to  have  six  of  these  glands  (Fig.  4),  but  their 
shape  differs  radically  from  the  shape  of  the  cement  glands  of  P. 
lanceolaltis. 

The  hooks  upon  the  proboscis  present  a  perfect  pattern  in  their 
exact  arrangement  in  alternating  rows.  Roots  of  the  hooks  are  not 
distinct  The  base  of  each  hook  for  a  length  of  about  0.021  mm. 
lies  embedded  in  the  wall  of  the  proboscis  perpendicular  to  its  sur- 
face. The  free  portion  of  each  hook  is  directed  backward  at  an 
angle  of  about  110  dq^rees  with  the  basal  portion.  The  ioregcAag 
description  of  hooks  applies  to  all  hooks  upon  the  proboscis  except 
one  or  two  hooks  at  the  base  of  each  row,  which  are  simple,  thorn- 
like  and  one  or  two  of  those  at  the  tip  of  the  proboscis  which  differ 
from  the  remaining  hooks  in  shape  and  general  proportions  (see 
Fig.  5).  In  all  cases  measurement  of  hooks  here  as  in  other  papers 
by  the  writer  the  length  of  a  hook  is  considered  as  the  straight  line 
connecting  the  tip  of  the  hook  with  its  extreme  basal  part. 

IV.    The  Genus  Polymorphus  Luhe,  1911 

Acanthocephala  parasitic  as  adults  in  the  intestine  of  Inrds. 
Posterior  tip  of  the  body  rather  broadly  truncated.  Anterior  end 
of  body  swollen  and  separated  from  more  attenuated  posterior 
region  by  a  constriction.  Anterior  region  of  the  body  spin^.  Pro- 
boscis usually  cylindrical,  frequently  smaller  at  base. 

Polymorphus  obtusus  nov.  spec. 
Plate  II,  Figs.  8,  9, 10, 11,  and  12 
Body  with  a  slightly  enlarged  anterior  r^on.  This  enlarge- 
ment is  set  off  by  a  constriction  back  of  which  the  body  again 
assumes  a  diameter  equal  to  that  of  the  anterior  enlargement,  then 
gradually  decreases  in  size  to  the  posterior  tip  which  is  more  or 
less  flexed  ventrally.  Posterior  tip  terminates  bluntly  (Fig.  11). 
Females  7.7  mm.  long,  males  4  to  5.5  mm.  long.  Proboscis  in  all 
specimens  examined  partially  inverted,  armed  with  about  sixteen 
longitudinal  rows  of  hooks.    Anterior  body  r^on  armed  with  small 
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cuticular  spines  about  24/*  long  (Fig.  9).  Embryos  within  body  of 
female  60  to  80/*  long  and  20  to  24/*  wide  with  one  conspicuous 
outpocketing  of  the  middle  membrane  at  each  pole  (Fig.  10). 

T)rpe  host  Anhinga  anhinga  (water-turkey),  in  intestine.  Type 
locality,  Florida.  Described  from  three  specimens,  one  female  and 
two  males.  Cotypes  in  U.  S.  National  Museum,  catalog  number 
2967. 

Polymorphus  spf 
Plate  II,  Fig.  13 
In  addition  to  Polymorphus  obtusus  another  representative  of 
this  genus  has  been  studied  by  the  writer,  but  the  single  specimen, 
a  male,  is  insufficient  to  permit  of  a  description  of  the  species. 
Record  is  given  here  with  a  drawing  of  the  proboscis  in  order  to 
facilitate  comparison  in  case  other  specimens  are  found  from  the 
same  host  later.  The  host  of  this  undescribed  species  in  the  hooded 
merganser,  Lophodytes  cuculatus.  Specimen  in  the  U.  S.  Bureau 
of  Animal  Industry  Collection,  catalog  number  2806. 

V.     The  Genus  Centrorhynchus  Luhe,  1911 
Centrorhynchus  spinosus  Van  Qeave,  1916 

Plate  III,  Figs.  14  and  15 
A  single  species  of  this  genus  has  been  described  from  North 
America.    The  writer  (1916b)  described  C  spinosus  from  the  intes- 
tine of  the  egret,  Herodias  egretta.    For  description  see  paper  cited 
above. 

VI.    The  Genus  Mediorhynchus  VanQeave,  1916 
Mediorhynchus  papillosus  Van  Qeave 

Plate  III,  Figs.  16,  17,  18  and  19 

Mediorhynchus  robustus  Van  Cleave,  1916 

Plate  IV,  Figs.  20  and  21 

This  genus,  which  to  the  present  time  has  been  recognized 
only  from  North  America,  was  created  by  the  writer  (Van  Cleave 
1916b)  for  three  new  species  of  Acanthocephala  belonging  evidently 
near  to  the  genus  Centrorhynchus,  but  having  characteristics  which 
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prevented  includiiig  them  in  that  genus.  At  the  time  the  descriptioQ 
of  this  genus  was  published  the  writer  failed  to  designate  whidi  of 
the  species  should  be  considered  as  type.  Jf .  papiUosus  b  herdqr 
designated  as  type  of  the  genus  Mediorhyndius. 

Mediorhynchus  papiUosus  has  been  recorded  from  Myiochanes 
virens  (the  wood  pewee)  and  Porzcma  Carolina  (the  sora).  Medi^ 
orhynchus  robustus  has  been  found  in  Icteria  wens  (the  yeOow- 
breasted  chat). 

Mediorhynckus  grandis  was  originally  included  within  this  same 
genus  but  a  more  thorough  study  of  Kostylew's  articles  dealing  with 
the  genus  Heteroplus  has  convinced  the  writer  that  the  species 
grandis  is,  in  reality,  a  member  of  the  genus  Heteroplus.  Kosty- 
lew  (1913: 532)  considered  Heteroplus  as  near  to  the  genus  Gigan- 
torhyndius  from  which  he  claimed  to  have  separated  it  On  Ae 
other  hand  de  Marvel  (1905 :  217)  considered  Echinorhynchus  otidis, 
one  of  the  species  upon  which  Kostylew  foimded  his  genus  Hetero- 
plus, as  a  synonym  for  E.  aluconis.  E.  aluconis,  through  the  care- 
ful woric  of  Luhe  (1911),  became  type  of  the  genus  Centrorhynchus. 
At  the  same  time  Gigantorhynchus  mirabilis  de  Marvel,  which  Kosty- 
lew claimed  also  belonged  to  his  genus  Heteroplus;  is  clearly,  on 
the  basis  of  de  Marvel's  descriptions  and  figures,  one  of  the  Cen- 
trorhynchidae.  De  Marvel's  figures  show  clearly  the  constriction 
of  the  proboscis  at  the  line  of  insertion  of  the  receptacle  with  the 
coincident  differentiation  of  hooks  on  the  anterior  and  posterior 
r^ons  of  the  proboscis.  Kostylew  (1913),  in  describing  the  pro- 
boscis receptacle  of  Heteroplus,  referred  to  the  anterior  half  as 
being  twice  the  diameter  of  the  posterior  half.  This  condition  is 
typical  of  the  genus  Medioriiynchus  and  serves  as  an  additional 
argument  for  considerii^  the  genus  Heterc^lus  as  a  member  of  the 
family  Centrorhynchidae  and  not  of  the  Gig^torhynchidae. 

VII.    The  Genus  Heteroplus  Kostylew,  1914 

With  the  characteristics  of  the  family  Centrorhynchidae.  An- 
terior and  posterior  r^ons  of  the  proboscis  bearing  widely  differ- 
ent numbers  of  longitudinal  rows  of  hooks. 
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Heteroplus  grandis  (Van  Cleave,  1916) 

Plate  V,  Figs.  27,  28  and  29 

Synonym,  Mediorhynchus  grandis  Van  Oeave,  1916 

This  species,  the  description  of  which  is  given  in  Van  Qeave 

1916  b:  226,  was  described  from  Quiscalus  quiscula   (the  purple 

gradde)  and  Stumella  magna  (the  meadow  lark).    More  recently 

the  writer  has  examined  a  specimen  from  Corvus  brachyrhynchus 

(the  crow)  taken  in  Maryland  which  proves  to  belong  to  this  same 

species. 

Kostylew's  contention  that  the  genus  Heteroplus  belongs  to  the 
Gigantorhynchidae  caused  the  writer  at  the  time  of  the  description 
of  this  species  to  believe  that  its«  superficial  and  general  resemblance 
to  Heteroplus  was  not  of  great  significance. 

VIII.    The  Genus  Filicollis  Liihe,  1911 
FUicollis  botulus  Van  Cleave,  1916 
Plate  V,  Figs.  30,  31,  32,  33  and  34 
But  a  single  species  of  this  genus,  F.  botulus,  has  been  recorded 
from  North  America.    This  species  differs  widely  from  F.  anatis 
of  Europe,  especially  in  the  shape  of  the  proboscis  of  the  female. 
Specific  characteristics  upon  which  this  species  was  founded  are 
given  in  an  earlier  paper  (Van  Qeave  1916).    Since  the  species  was 
described  the  writer  has  discovered  younger  males  than  he  had  seen 
at  the  time  of  the  original  description.   Figure  30  shows  the  arrange- 
ment of  the  internal  organs  of  one  of  these  young  males.    The  eider 
ducks,  Somateria  dresseri  and  S.  mollissima,  are  the  known  hosts 
of  the  sj>ecies. 

IX.    The  Genus  Arhythmorhynchus  Liihe,  1911 

Arhythmorhynchus  uncinatus  (Kaiser,  1893) 
Arhythmorhynchus  trichocephalus  (R.  Leuckart,  Kaiser,  1893) 
Arhythmorhynchus  brevis  Van  Qeave,  1916 
Plate  IV,  Figs.  22,  23  and  24 
Arhythmorhynchus  pumilirostris  Van  Cleave,  1916 
Plate  IV,  Figs.  25  and  26 
Kaiser  in  1893  published  a  description  of  Echmorhynchus  un- 
cinatus Kaiser  and  E.  trichocephalus  R.  Leuckart.     The  writer 
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(1916a:  172)  showed  that  these  two  species  belong  in  reality  to  the 
genus  Arhythmorhynchus  and  in  the  same  paper  described  two  addi- 
tional species  for  this  genus,  A.  pumilirostris  and  A.  brevis,  both 
from  the  intestine  of  the  American  bittern,  Botaurus  lentigenosus. 

X.   Species  iNQuiRENDiE  and  Species  of  Doubted  Determination 
Echinorhynchus  pici  collaris  Leidy,  1850 

Leidy  described  and  recorded  the  occurrence  of  four  Acantho- 
cephalans  from  North  American  birds,  but  no  one  of  these  is  the 
present  writer  able  to  locate  with  any  degree  of  certainty  within 
the  modem  system  of  classification  of  the  group.  The  descrip- 
tion of  Echinorhynchus  pici  colktris  from  "Picus  colaris"  is  lacking 
in  details  sufficient  to  permit  of  speculation  as  to  even  the  gaius 
to  which  it  belongs.  Consequently  E.  pici  collaris  must  be  r^^ded 
as  a  species  inquirenda.  The  other  three  species,  given  the  names 
of  known  European  species,  probably  belong  to  the  respective  genera 
now  recognized  as  including  the  European  forms. 

(  ?)  Echinorhynchus  caudatus  Zeder  of  Leidy  1887 

This  species,  which  Leidy  recorded  from  Elanoides  forficaius 
and  from  Scotiaptex  nebvlosa,  has  been  considered  by  the  present 
writer  (1916  b:  222)  as  belonging  to  the  family  Centrorhynchidae, 
though  the  original  description  is  insufficient  to  permit  of  a  closer 
determination.  It  is  extremely  improbable  that  Leidy's  determina- 
tion of  this  species  is  correct. 

(  ?)  Echinorhynchus  striatus  Goeze  of  Leidy  1856 

From  the  intestine  of  Mycteria  americana  ("Tantalus  locula^ 
tor'*),  the  wood  ibis,  Leidy  recorded  the  occurrence  of  Echinorhyn- 
chus striatus  Goeze.  Luhe  (1911)  was  unable  to  place  Goeze's 
E,  striatus  in  his  revised  system  of  classification.  It  seems  improb- 
able that  Leidy  was  dealing  with  the  species  which  Goeze  described 
from  central  Europe.  Many  points  of  detail  have  caused  the  pres- 
ent writer  to  consider  the  form  which  Leidy  recorded  as  probably 
one  of  the  species  of  Arhythmorhynchus.  Its  relations  to  other 
species  of  this  genus  cannot  be  determined. 
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(  ?)  Echinorhynchus  hystrix  Bremser  of  Leidy  1887 
Leidy's  report  of  Echinorhynchus  hystrix  from  Anhinga  an- 
hinga  (the  water  turkey)  gives  some  ground  for  attributing  the 
genus  Corynosoma  as  parasitic  upon  that  species  of  bird,  though 
here  again  the  specific  identity  with  the  European  form  is  to  be 
seriously  doubted. 

XL    Distribution  of  the  Acanthocephala  of  Birds 

It  seems  worth  while  to  call  attention  to  the  fact  that  in  the 
collections  from  birds  examined  by  the  writer  the  occurrence  of 
two  different  species  of  Acanthocephala  within  the  same  host  indi- 
vidual has  never  been  observed.  Furthermore  there  is  no  positive 
case  on  record  wherein  two  different  genera  of  Acanthocephala 
have  been  found  in  the  same  species  of  North  American  bird.  The 
case  of  Anhinga  anhinga  seems  to  be  an  exception  to  this  last  state- 
ment. From  this  host  the  writer  has  described  a  species  of  Poly- 
morphus  while  Leidy  has  described  what  seems  to  be  a  species  of 
Corynosoma.  However  in  general  body  form  these  two  genera 
resemble  one  another  closely  enough  to  confuse  the  casual  observer. 
On  this  basis  the  apparent  exception  to  the  general  condition  may 
not  be  a  real  one. 

De  Marval,  in  his  significant  monographic  contribution  to  the 
study  of  Avian  Acanthocephala,  has  unfortunately  failed  to  furnish 
us  with  any  considerable  body  of  data  upon  the  geographical  dis- 
tribution of  the  species  with  which  he  worked.  Evidently  many 
of  his  records  are  compilations  from  earlier  writers.  In  his  treat- 
ment of  each  species  of  Acanthocephala  he  has  given  a  host  list, 
but  offers  no  information  as  to  the  locality  from  which  the  hosts 
were  taken.  A  study  of  his  data  shows  that  he  has  recorded  the 
occurrence  of  Acanthocephala  in  more  than  forty  families  of  birds 
representing  eleven  of  the  seventeen  orders  of  birds  recognized 
in  North  America  and  in  addition  some  families  not  represented  in 
the  North  American  fauna. 

In  the  collections  available  to  the  writer  these  parasites  have 
been  found  in  but  seven  orders,  and  a  total  of  but  ten  families  of 
birds.  Beyond  this  Leidy's  reports  indicate  the  presence  of  Acan- 
thocephala in  at  least  three  additional  families.    It  is  a  noteworthy 
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fact  that  the  geographical  distributkxi  of  the  species  known  to  North 
America  is  restricted  abnost  exclusive^  to  the  eastern  part  of  the 
continent.  In  the  opinion  of  the  writer  this  apparent  localization 
of  infestation  is  probably  due  to  the  fact  that  records  from  tiie 
West  are  wanting  rather  than  that  the  actual  distribution  is  so  nar- 
rowly limited.  Mudi  of  the  materiak  studied  1^  the  writer  has 
been  the  result  of 'the  careful  work  of  Mr.  Albert  Hassall. 


XII. 


Distribution  of  Genera  of  Acanthocephala  in  Families 
OF  European  and  North  American  Birds: 


GnnDUL   OP   ACANTHOdPHALA    REFQBTID   ROM 
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In  the  above  table  genera  and  species  marked  with  a  question 
mark  (?)  are  of  questioned  original  determination  or  are  species 
inquirenda.  It  is  quite  a  striking  fact  that  in  only  the  family  An- 
atidae  and  probably  the  Ardddae  are  any  of  the  same  genera  of 
Acanthocephala  found  in  both  North  America  and  Europe. 

Luhe  (1911)»  in  his  raster  of  the  Acanthocephala  and  para- 
sitic flatworms  from  central  European  hosts  recorded  the  occurrence 
of  Acanthocephala  from  hosts  representing  but  eight  families  of 
birds.  The  accompanying  table  based  upon  Ltihe's  data  and  records 
of  the  writer  shows  in  striking  manner  the  differences  between  the 
tjrpes  of  hosts  characteristic  of  the  various  genera  in  Europe  and 
North  America.  To  the  writer  this  table  furnishes  still  farther 
evidence  of  the  independence  of  the  acanthocephalan  fauna  of  the 
two  continents.  In  the  majority  of  cases  even  the  genera  of  these 
parasites  have  found  hosts  in  entirely  different  Families  and  even 
Orders  of  birds. 

XIII.    Genera  of  Acanthocephala  with  the  Orders  of  Birds 
From  Which  Taken 
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A  comparison  of  infestation  within  the  Orders  of  birds  fur- 
nishes a  contrast  between  the  two  continents  even  more  striking 
than  that  found  in  the  comparison  of  the  Families  of  birds.  The 
accompanying  table  shows  among  other  things,  that  Corynosoma, 
FilicoUis  and  Polymorphus  are  the  only  genera  having  hosts  within 
the  same  orders  of  birds  on  the  two  continents. 

XIV.    Key  to  the  Genera  and  Species  of  Acanthocephala  of 
NoKTH  American  Bjsds 

1  (12)  Acanthocephala  with  body  proper  devoid  of  spinet 2 

2  (5)  Proboscis  receptacle  inserted  at  base  of  proboscis 

Genus  plagiorhynchus.  .  3 

3  (4)  Twenty-four  longitudinal  rows  of  hooks 

Plagiorhynchus  rectus.    Linton 

4  (3)  Sixteen  longitudinal  rows  of  hooks 

Plagiorhynchus  formosus  nov.  spec 

5  (2)  Proboscis  receptacle  inserted  at  or  near  middle  of  proboscis.    Pro- 

boscis ho<to  anterior  to  and  posterior  to  insertion  con^icuously 
unlike   6 

6  (7)  Invertors  of  proboscis  extending  through  posterior  tip  of  proboscis 

receptacle  and  continuing  as  retractors  for  receptacle 

Genus  centrorhynchus 

Centrorhynchms  spinosus  Van  C,  only  known  species  in  North  America. 

7  (6)  Invertors  of  proboscis  passing  through  wall  of  proboscis  receptade 

near  its  middle  or  at  least  considerable  distance  anterior  to  the 
posterior  end 8 

8  (9)  Anterior  and  posterior  regions  of  proboscis  bearing  different  num- 

bers of  longitudinal  rows  of  hooks Genus  heteroplus 

Twelve  longitudinal  rows  of  hooks  on  the  interior  region  of  pro- 
boscis, about  thirty  on  posterior.  Heteroplus  grandis  (Van.C.) 
only  known  species  in  North  America. 

9  (8)  Anterior  and  posterior  regions  of  proboscis  bearing  the  same  num- 

ber of  longitudinal  rows  of  hooks.    Genus  mediorhynchus.  .10 

10  (11)  Proboscis  not  covered  with  conspicuous  papillse  in  which  hooks  are 

embedded.    Body  usually  robust,  forms  with  twenty- four  longi- 
tudinal rows  of  hooks  on  proboscis.    Embryos  38|^  by  16^ 

Mediorhynchus  robustus  Van  C 

11  (10)  Proboscis  hooks  not  conspicuous;  embedded  in  conspicuous  papillae. 

Eighteen  longitudinal  rows  of  hooks.     Embryos  38|^  to  47m  by 
18m  to  24m Mediorhynchus  papiUosus  VanC 
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12  (1)  Body  proper  bearing  spines,  at  least  in  restricted  regions 13 

13  (14)  Body  spines  on  anterior  region  of  the  body  and  also  surrounding 

genital  opening Genus  corynosoma,  males 

But  one  species,  Corynosotna  constrictutn  nov.  spec.,  known  to  North 
America. 

14  (13)  With  no  cuticular  spines  around  the  genital  opening 15 

15  (26)  Anterior  end  of  the  body  decidedly  larger  than  posterior  end 16 

16  (23)  Anterior  and  posterior  regions  of  the  body  of  distinctly  di£Ferent 

histological  structure Genus  arhythmorhynchus.  .  17 

17  (18)  Hooks  on  mid-ventral  surface  of  proboscis  conspicooosly  larger 

than  on  any  other  part  of  proboscis 

Arhythmorhynchus  trichocephalus  (R.  Leuckart) 

18  (17)  Hooks  on  ventral  surface  of  proboscis  not  conspicuously  laiger 

than  on  any  other  surfaces 19 

19  (20)  Longest  hooks  more  than  IQO/i  long 

Arhythmorhynchus  uncinatus  (Kaiser) 

20  (19)  Longest  hooks  not  more  than  50^  long 21 

21  (22)  Proboscis  with  sixteen  longitudinal  rows  of  hooks.     Embryos  65 

to  90fi  long,  18^  mde. ..  .Arhythmorhynchus  pumilirostris  VanC. 

22  (21)  Proboscis  with  eighteen  longitudinal  rows  of  hooks.    Embryos  76 

to  100a*  longf  24  to  30^  wide Arhythmorhynchus  brevis  VanC. 

23  (16)  Anterior  end  of  body  larger  than  posterior  end,  but  body  wall  of 

same  histological  structure  throughout 24 

24  (25)  Anterior  region  of  body  set  off  from  posterior  region  by  con^icu- 

ous  constriction.     Proboscis  cylindrical,  or  frequently  tapering 
slightly  toward  base Genus  folymorphus 

Polymorphus  obtusus  nov.  spec,  only  species  described   from  North 
America. 

25  (24)  Anterior  region  of  body  distinctly  swollen,  but  not  separated  from 

posterior  by  a  constriction.    Proboscis  spindle  shaped 

Ctcuus  C0RYN0601CA,  females 

Corynosoma  constrictum  nov.  spec.,  only  known  species  from  North 
America. 

26  (15)  Body  sac-like  or  sausage  shaped,  not  conspicuously  swollen  at  ante- 

rior end.    Proboscis  spherical  or  ovate,  followed  by  a  neck  fully 
as  long  as  the  proboscis  and  sharply  set  off  from  the  body  proper. 

Gtnus  FiuooLUS 

FUicollis  botulus  VanC.  is  the  only  species  known  to  North  America. 
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XV.    Summary 

1.  This  article  contains  the  results  of  a  study  of  the  Acantho- 
cephala  parasitic  in  birds  from  the  U.  S.  Govemm^it  collections 
and  the  private  collections  of  Professor  H.  B.  Ward  and  of  the 
writer. 

2.  Echinorhynchus  striatus  taken  by  Linton  from  Oidemia 
americana  belongs  to  the  genus  Corynosoma  and  here  is  described 
as  Corynosoma  constrictum  nov.  spec. 

3.  Echinorhynchus  rectus  Linton,  1892  is  shown  to  belong  to 
the  genus  Plagiorhynchus.  P.  formosus  nov.  spec,  from  Colaptes 
auratus  is  described.  These  two  species  constitute  the  first  record 
of  species  of  Plagiorhynchus  in  North  America. 

4.  Polymorphus  obtusus  nov.  spec  is  described  f rcmi  Anhmga 
opihinga. 

5.  Polymorphus  species f  is  recorded  from  Lophodytes  cucu^ 
latus. 

6.  Mediorhynchus  papUlosus  Van  C,  1916  is  designated  as 
type  of  the  genus  Mediorhynchus. 

7.  The  genus  Heteroplus  is  one  of  the  Centrorhynchidae  (not 
of  the  Gigantorhynchidae  as  maintained  by  Kostylew,  its  creator). 

8.  Mediorhynchus  grandis  VanC,  1916  is  shown  to  belong 
to  the  genus  Heteroplus. 

9.  Corvus  brachyrhynchus  is  cited  as  a  new'  host  for  Hetero- 
plus grandis  (Van  C). 

10.  Among  North  American  birds  the  occurrence  of  two 
different  species  of  Acanthocephala  within  the  same  host  individual 
has  never  been  recorded. 

11.  There  is  no  positive  case  on  record  of  the  occurrence  of 
two  different  genera  of  Acanthocephala  within  the  same  species 
of  North  American  bird. 

12.  Tables  are  given  to  show  the  comparison  of  acanthoce- 
phalan  infestation  in  the  families  and  orders  of  birds  of  central 
Europe  and  of  North  America. 

13.  A  key  to  aU  described  species  of  Acanthocephala  from 
North  American  birds  is  given. 
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XVII.    Explanation  of  Plates 

All  figures  exceptiiig  Figure  7  are  drawn  by  the  aid  of  a  camera  hidda 
from  stained  q»ecimens  mounted  in  xylol  damar.  The  magnification  is  indi- 
cated by  the  projected  scale  accompanying  each  drawing. 

ABBEIVIAnONS  USD 

b.  bursa  copnlatorix  L  lemniscus 

hr.  brain.  p»r.  proboscis  rec^tade 

eg.  cement  glands  r.  retinacula 

€.  egg  masses  r.p,  retractors  of  proboscis  receptacle 

itts,  insertion  of  proboscis  receptacle  tM,  anterior  testis 

t.^.  invertors  of  proboscis  tp,  posterior  testis 


Plate  I. 

Figs.  1  to  3,  Corynosoma  constricium  nov.  spec. 

Fig.  1.  Entire  male  showing  general  body  sh^>e  and  arrangement  of  in- 
ternal organs. 

Fig.    2.    Posterior  tip  of  male  showing  cuticular  spines. 

Fig.    3.    Embiyo  from  body  of  mature  female. 

Figs.  4  to  6,  Plagiorhyncfms  formosus  nov.  spec 

Fig.  4.  Entire  male  showing  general  body  form  and  arrangement  of  inter- 
nal  organs. 

Fig.    5.    Profile  of  the  proboscis  of  same  individual  as  shown  in  l?lg,  4. 

Fig.    6.    Embiyo  from  body  of  mature  female. 

Fig.    7.    Plagiorhynchus  rectus  (Linton).   Drawing  copied  from  Linton  1S92. 
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Plate  II. 

Figs.  8  to  12.    PolymorphMt  ohtusus  nov.  spec. 

Fig.  8.  Entire  male,  pooriy  preserved  qtednieii,  internal  organs  very  in- 
distinct 

Fig.    9.    Cuticular  spines  in  profile,  from  anterior  region  of  body. 

Fig.  10.    Embryo  from  body  cavity  of  female. 

Fig.  11.  Posterior  extremity  of  type  female  showing  characteristic  blont- 
ness  npon  basis  of  which  the  specific  name  is  given. 

Fig.  12.    Profile  of  proboscis  hooks. 

Fig.  13.    Polymorphus  species?  from  Lopkodyies  cuculatus. 
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Plate  II. 


H.J.  VanQeavcdcl. 


Digitized  by  VjOOQIC 


42  H.   J.  VAN  CLEAVE 


Flaw  III. 
Figs.  14  and  15.    C€tdr0rhymchus  spm^sus  Van  Cleave. 
Fig.  14.    General  body  lonn  of  type  female. 
Fig.  IS.    Profile  of  doraal  surface  of  probosds  diown  in  1^,  14. 
Figs.  16  to  19.    Mediorhymchus  papiUosus  Van  Oeave. 
Fig.  16.    Entire  male  showing  general  body  form  and  arrangement  of  organs. 
Rg.  17.    Frobosds  and  anterior  body  region  of  type. male. 
Fig.  18.    Profile  dorsal  surface  of  proboscis,  same  indhridaal  as  shown  in 

Fig.  17. 
Fig.  19.    Embryos  from  body  cavity  of  folly  mature  female. 
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Plate  IV. 
Figs.  20  and  21.    Mediorhynchus  robustus  Van  Cleave. 
Fig.  20.    Male  in  optical  sectioo  showing  body  form  and  arrangement  of 

organs. 
Fig.  21.    Embryos  from  body  cavity  of  mature  female. 
Figs.  22  to  24.    Arhythtnorhynchus  hrevis  Van  Cleave. 
Fig.  22.    Body  of  entire  male. 

Fig.  23.    Proboscis  and  anterior  region  of  body  of  a  male. 
Fig.  24.    Embryos  from  body  cavity  of  mature  female. 
Figs.  25  and  26.    Arhythtnorhynchus  pumUirostris  Van  Cleave. 
Fig,  25.    Entire  male. 
Fig.  26.    Embryo  from  body  of  mature  female. 
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Plate  IV. 
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Plate  V. 
Figs.  27  to  29.    Heteropku  gramdis  (VanCkave). 
Fig.  27.    Proboscis  partly  invaginated,  bat  showii^  the  hook  arrangement 

typical  for  the  genus. 
Fig.  28.    Embiyos  frOm  body  of  mature  female. 
Fig.  29.    Profile  of  dorsal  surface  of  proboscis. 
Figs.  JO  to  34.    FUkollis  hotulms  W^nCXtAyt. 
Fig.  JO.    Entire  male   showing  general   body   form   and   arrangement  of 

organs. 
Fig.  31.    Cuticular  spines  from  anterior  region  of  body. 
Fig.  32.    Mature  female  showing  general  body  form. 
Fig.  33.    Embiyo  from  body  cavity  of  mature  female. 
Fig.  34.    Profile,  ventral  surface,  of  proboscis  of  female. 
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H.  J.  Van  Qeave,  del. 
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BRANCHIOBDELLID  WORMS  (ANNELIDA)  FROM 

MICHIGAN  CRAWFISHES 

By  Max  M.  Ellis 

Through  the  courtesy  of  the  Michigan  Fish  Commission  the 
writer  visited  several  islands  in  Potagannissing  Bay  and  Lake  Huron 
on  Patrol  Boat  No.  4,  Captain  Robert  E.  Ellsworth  commanding, 
during  August,  1917.  The  branchiobdellid  worms  listed  below  were 
taken  from  crawfishes  collected  on  this  trip  and  from  those  of  two 
additional  collections  made  by  Captain  Ellsworth.  Dr.  Walter 
Faxon  of  Harvard  University  kindly  identified  the  crawfish  hosts. 

The  four  species  of  branchiobdellids  represented  may  be  dis- 
tinguished by  the  following  key. 

a.  Anterior  nephridia  opening  to  the  outside  through  two  separate  pores 
in  segment  III ;  segments  VIII  and  IX  each  bearing  a  pair  of  glandu- 
lar disks  on  the  ventral  surface;  dental  formula  usually  5-4  or  5-5, 
the  middle  tooth  of  each  jaw  being  the  longest  tooth  in  the  jaw. 

Xironodrilus  formosus  Ellis  in  ed. 
aa.    Anterior  nephridia  opening  to  the  outside  through  one  common  pore  in 
the  dorsal  surface  of  segment  III. 

h.    Body  segments  without  conspicuously  elevated  portions;  accessary 
sperm  tube  present 
c.    Upper  and  lower  lips  entire  excepting  a  small,  median  emargin- 
ation;  dental  formula  5-4,  teeth  approaching  a  subequal  con- 
dition, although  the  middle  tooth  of  the  upper  jaw  is  distinctly 
longer  than  the  other  four  teeth  of  that  jaw. 

Cambarincola  vitrea  Ellis  in  ed. 
cc.  Upper  lip  composed  of  four,  subequal  lobes,  which  can  be  ex- 
tended as  digitiform  processes;  lower  lip  composed  of  two, 
subequal  lobes  which  can  be  extended;  a  small,  lateral  lobe 
on  each  side  at  the  junction  of  the  upper  and  lower  lips; 
dental  formula  5-4;  middle  tooth  of  upper  jaw  long  and 
prominent;  lateral  teeth  small,  not  more  than  half  the  length 
of  the  middle  tooth. 

Cambarincola  phUadelphica  (Leidy) 
bb.  Dorsal  portions  of  segments  elevated ;  segments  VII  and  VIII  with 
funnel-shaped  enlargements  of  the  dorsal  portions  of  the  seg- 
ment, more  or  less  completely  encircling  the  segment;  funnel  of 
segment  VIII  excavated  dorsally  so  that  its  dorsal  margin  bears 
two,  small  "horns";  dental  formula  5-4. 

Pterodrilus  durbini  Ellis  in  td. 
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(1)  XntONODULUS  FOftMOSUS  Ellis 

From  Cambarus  vmlis  Hagen 

1.  James  Island,  Potagannissing  Bay,  August  4. 

2.  Three  miles  up  Potagannissing  River,  Drummond  Island,  Pot- 

agannissing Bay,  August  4. 

3.  Pilot  Harbor,  Sitgreaves  Bay,  north  side  of  Drummond  Is- 

land, Potagannissing  Bay,  August  6. 

4.  Little  Cass  Island,  head  of  Detour  Passage,  August  6. 

5.  Churchville  Point,  head  of  Lake  6eorge,  46®  31'  N.,  August  7. 

6.  Harbor  Island,  Potagannissing  Bay,  August  8. 

7.  Winona  Slips,  Bay  City,  Saginaw  Bay,  September  (Capt  Ells- 

worth). 

(2)  Cambakincola  vitrea  Ellis 
From  Cambarus  virilis  Hagen 

L    James  Island,  Potagannissing  Bay,  August  4. 
2.    Three  miles  up  Potagannissing  River,  Drummond  Island,  Pot- 
agannissing Bay,  August  4. 
From  Cambarus  propinquus  Girard 

1.  Sault  Sainte  Marie,  St.  Marys  River,  August  7. 

2.  Echo  Lake,  Grand  Island,  Lake  Superior,  August  17  (Capt 

Ellsworth) . 

(3)  Cambarincola  Philadelphia  (Leidy) 
From  Cambarus  virilis  Hagen 

1.  James  Island,  Potagannissing  Bay,  August  4. 

2.  Pilot  Harbor,  Sitgreaves  Bay,  north  side  of  Drummond  Is- 

land, Potagannissing  Bay,  August  6. 

3.  Little  Cass  Island,  head  of  Detour  Passage,  August  6. 

4.  Harbor  Island,  Potagannissing  Bay,  August  8. 

(4)  Pterodrilus  durbini  Ellis 
From  Cambarus  virilis  Hagen 

1.  James  Island,  Potagannissing  Bay,  August  4. 

2.  Three  miles  up  Potagannissing  River,  Drummond  Island,  Pot- 

agannissing Bay,  August  4. 

3.  Pilot  Harbor,  Sitgreaves  Bay,  north  side  of  Drummond  Is- 

land, Potagannissing  Bay,  August  6. 

4.  Little  Cass  Island,  head  of  Detour  Passage,  August  6. 

5.  Churchville  Point,  head  of  Lake  George,  46®  31 '  N.,  August  7. 

6.  Harbor  Island,  Potagannissing  Bay,  August  8. 

7.  Winona  Slips,  Bay  City,  Saginaw  Bay,  September  (Ca^t.  Ells- 

worth). 

It  may  be  seen  from  this  list  that  Xironodrilus  formosus  EUis 
and  Pterodrilus  durbini  Ellis  were  found  in  every  collection  from 
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Cambarus  virilis  Hagen.  In  each  case  Xironodrilus  formosus  was 
the  more  abundant  species,  represented  by  hundreds  of  individuals. 
Comparatively  few  PterodrUus  durbini  were  taken.  The  relative 
abundance  of  these  two  species  may  be  considered  as  accurate  for 
these  collections  as  the  living  crawfish  were  dropped  into  the  killing 
fluid  as  soon  as  caught,  and  all  of  the  branchiobdellid  worms  carried 
by  each  crawfish  preserved.  The  two  species  of  Cambarincola,  if 
found,  were  represented  by  a  fair  number  of  individuals.  Cambarin- 
cola zntrea  Ellis  was  the  only  species  taken  from  Cambarus  pro- 
pinquus  Girard  in  these  collections.  Both  species  of  Cambarincola 
here  represented  however  have  been  taken  from  specimens  of  Cam- 
barus propinquus  at  Douglas  Lake,  Michigan. 

University  of  Colorado. 
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DEPARTMENT  OF  NOTES,  REVIEWS,  ETC. 

It  is  the  purpose,  in  this  department,  to  present  from  time  to  time  brief  original 
notes,  both  of  methods  of  woric  and  of  results,  by  members  of  the  Society.  AH 
members  are  invited  to  submit  such  items.  In  addition  to  these  there  will  be  siTen  a 
few  brief  abstracts  of  recent  woric  of  more  general  interest  to  students  and  teachers. 
There  wiU  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  sttempting  to  define  it,  and  will  tiius  give  to  the  teacher  current  illustrstions,  and 
to  the  isolated  student  suggestions  of  suitable  fidds  of  investigation. — [Editor.] 


A  CHART  ON  GENERAL  PLANT  HISTOLOGY  AND  PHYSIOLOGY 

The  valuable  teaching  aid  afforded  by  charts  and  diagrams  of 
various  sorts  is  well  understood  by  most  teachers  of  biology  who 
are  more  or  less  well  acquainted  with  the  numerous  current  sets  of 
charts  offered  to  the  profession.  There  are  a  few  teachers  who 
possess  the  enviable  tsdent  of  rapidly  constructing  excellent  blade- 
board  sketches  during  a  given  lecture  or  laboratory  period  to  illus- 
trate the  particular  features  or  phenomena  under  study  at  that 
particular  time.  Some  instructors  have  made  use  of  the  more 
permanent  crayon  sketches  on  sheets  of  drawing  paper  hung  over 
an  easel.  The  uses  of  the  various  lantern-slide,  opaque,  vertical 
and  micro-projection  possibilities  are  also  utilized  to  a  very  desir- 
able d^^e  under  certain  circumstances. 

The  principal  pedagogical  difficulty  which  all  teachers  have  prob- 
ably experienced  in  the  practical  application  of  these  or  other  useful 
adjuncts  of  the  same  general  kind  to  teaching  is,  that  at  best  the 
student  gets  a  disjointed  presentation  of  the  subject  in  question  for 
the  reason  that  the  subject  matter  must  be  presented  more  or  less 
disjointedly  and  interruptedly  because  of  the  many  other  things 
which  we  compel  him  to  study.  The  student  suffers  from  this  r^^- 
lar  lack  of  continuity.  He  loses  much  because  of  his  failure  to  see 
the  real  position  of  a  given  structure  or  place  of  a  given  activity  in 
the  organism  as  a  whole. 

I  may  illustrate  my  meaning  here  by  a  reference  to  the  common 
practice  in  teaching  some  of  the  phases  of  botany,  say  ph3rtohistology. 
Probably  students  may  be  found  in  every  class  in  plant  histology 
as  that  subject  is  currently  taught,  who,  knowing  right  well  the 
detailed  characteristics  of  all  of  the  conunon  tissues  of  the  v^e- 
table  kingdom  and  how  to  handle  the  histological  technique  involved 
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in  the  preparation  of  such  tissues,  may  fail  utterly  to  acquire  an 
adequate  knowledge  of  the  place  and  function  of  those  tissues  in 
the  i^ant  as  a  whole.  In  fact  such  students  may  not  even  know 
where  in  the  plant  to  find  a  given  tissue  if  they  are  thrown  upon 
their  own  resources,  resources  derived  from  their  histology  courses. 
Surely  it  is  most  difficult  for  them  to  really  understand  the  function 
of  the  various  tissues  of  the  plant  if  they  do  not  know  the  position 
of  the  tissues  within  the  plant. 

The  same  general  state  of  affairs  sometimes  exists  in  plant 
physiology.  The  student  may  understand  the  various  fundamental 
processes  of  the  plant  very  well,  but  he  often  fails  to  read  through 
the  whole  series  of  interrelated  activities  and  to  visualize,  as  it 
were,  the  individual  plant  as  a  completely  equipped  and  working 
entity. 

The  most  fundamental  process  in  all  nature  b  photosjrnthesis. 
Consequently  it  is  quite  desirable  that  the  student  of  general  biology, 
of  general  botany,  surely  of  general  physiology  and  general  science 
should  understand  at  least  the  fundamental  features  and  the  signi- 
ficance of  that  great  phenomenon.  He  should  know  photosynthesis 
as  it  occurs  in  the  leaf,  of  course,  but  he  should  also  know  about 
many  of  the  other  processes  and  structures  which  make  the  photo- 
synthetic  manufacture  of  carbohydrates  in  the  leaf  possible.  He 
must  know  quite  well  many  of  the  interrelations  of  the  various  activi- 
ties of  the  plant  if  he  wishes  to  really  understand  photosynthesis. 
He  must  see  the  plant  as  a  completely  constructed  mechanism  with 
its  various  parts  working  together  in  harmony.  It  is  the  business 
of  the  teacher  to  see  to  it  that  he  does  get  this  notion  definitely  out- 
lined in  his  mind. 

Now  to  be  sure  that  our  students  really  get  all  of  this  and  this 
point  of  view  of  the  plant,  requires  more  than  a  little  thought  on 
the  part  of  the  teacher  as  to  the  methods  of  instruction  that  are  to 
be  followed  in  the  class-room  and  laboratory.  Sometimes  I  have 
thought  that  some  of  the  common  difficulties  in  this  connection  might 
be  lessened  if  the  class  were  to  take  a  single  common  plant,  say  the 
sunflower,  castor  bean  or  scarlet  nmner,  and  work  out  its  entire 
structural  and  physiological  life-history  from  the  embryo  in  the 
seed  through  the  development  and  maturation  of  the  new  individual 
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including  the  new  fruit  and  seed.  If  the  exercises  on  histology 
and  physiology  were  properly  correlated  at  every  point  possible  I 
believe  that  such  a  method  would  result  in  giving  to  the  student  an 
admirable  introduction  to  many  of  the  ftmdamentals  of  general  bot- 
any. At  the  conclusion  of  such  a  course  the  student  would  have 
secured  an  admirable  and  useful  insight  into  the  most  of  the  im- 
portant plant  phenomena.  And  I  believe  that  he  would  actually 
retain  a  definite  mental  picture  of  what  the  plant  if  as  a  mechanism 
and  what  it  does  as  a  living,  working  organism.  From  such  a  course 
he  would  surely  obtain  a  connected  view  of  these  matters  and  he 
would  not  think  of  the  plant  as  composed  of  a  group  of  parenchyma 
cells  here,  a  strand  of  fibers  there,  an  irregular  patch  of  epidermis 
somewhere  else.  He  would  not  stop  to  wonder  how  and  from 
whence  the  root  gets  the  necessary  food  for  its  growth  or  how  it  is 
possible  for  growth  to  begin  in  a  tree  in  early  spring  before  the 
leaves  have  unfolded  their  chlorophyll-containing  tissues. 

Something  of  the  same  results  may  be  secured  by  the  skillful 
teacher  from  a  carefully  planned  summary  of  the  whole  matter  in 
which  the  various  interrelations  and  correlations  are  plainly  worked 
out  I  have  found  in  my  own  department  that  generalized  draw- 
ings aid  greatly  in  connection  with  such  summaries.  An  illustration 
which  brings  before  the  student  by  means  of  a  single  chart  or  page 
many  of  the  essentials  has  been  found  most  useful  by  myself  and 
the  other  instructors  in  my  department.  The  late  Professor  Bessey 
was  a  master  in  preparing  such  diagrams.  His  specialty  was,  as 
all  know,  the  preparation  of  figures  to  show  lines  of  descent  and 
evolution  of  the  groups  of  the  plant  world.  Whether  one  could 
agree  as  to  the  derivations  and  progress  of  evolution  represented 
by  his  diagrams  or  not  did  not  detract  from  the  fact  that  his  figures 
helped  greatly  to  portray  the  principles  and  the  theories  that  he 
wished  to  emphasize.  Thousands  of  his  students  were  enabled  to 
secure  a  much  better  idea  as  to  what  evolution  really  is  from  such 
methods  even  if  they  went  no  further  in  their  study  of  biology 
than  the  Freshman  course. 

Figures  or  diagrams  of  this  sort  may  be  studied  indefinitely 
and  the  longer  they  are  examined  the  more  illuminating  they  become 
until  the  average  student  is  enabled  to  secure  a  complete  and  prop- 
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erly  balanced  conception  of  the  chief  features  of  the  subject  in 
question. 

Such  figures  may  be  constructed  in  great  detail  and  with  much 
technical  skUl  or  they  may  be  more  or  less  crude  and  diagrammatic 
and  still  be  of  great  value  to  the  learner.  With  the  information 
gained  from  careful  studies  of  plant  anatomy  and  plant  processes 
the  student  should  be  able  to  fill  in  the  missing  details  of  a  general- 
ized drawing  and  to  interpret  properly  the  diagrammatic  features 
of  the  figure.  This  being  possible,  a  diagram  of  the  kind  submitted 
herewith  should  be  exceedingly  helpful  and,  indeed,  illuminating. 
It  was  solely  because  of  the  success  of  these  methods  in  this  depart- 
ment that  I  was  led  to  publish  these  brief  notes  and  the  diagram 
in  the  hope  that  they  might  be  suggestive  in  some  d^^ee  to  my 
fellow  workers  in  biological  fields. 

The  figure  as  published  here  has  been  revised  and  redrawn 
from  a  similar  figure  published  in  1914  by  the  writer  in  a  labora- 
tory manual  of  plant  physiology.  The  older  diagram  was  later 
enlarged  and  worked  out  in  the  form  of  a  wall  chart.  The  reader 
will  understand,  of  course,  as  he  looks  at  this  diagram  that  the 
relative  proportions  of  the  various  structures  exhibited  are  not 
intended  to  be  represented  at  all  as  they  actually  occur  in  the  living 
plant.  In  fact  the  proportions  are  mostly  so  unnatural  as  to  be 
grotesque  and  even  misleading  if  the  student  or  reader  does  not 
understand  how  to  interpret  them  in  the  light  of  what  has  been  said 
in  the  above  paragraphs.  He  is  supposed  to  have  acquired  this 
understanding  in  his  courses  of  study  dealing  with  the  plant.  The 
figure  merely  helps  him  to  see  the  interrelations  of  the  facts  of  his- 
tology and  physiology  graphically  summarized  in  the  features  of  the 
chart.  The  diart  represents  in  a  more  or  less  diagrammatic  man- 
ner an  epitome  of  the  great  facts  of  histology  and  physiology. 
Many  additional  entries  might  be  made  upon  the  chart,  but  the 
danger  is  in  so  multiplying  details  that  the  real  purpose  of  the 
sketch  may  be  obscured  behind  the  maze  of  unessential  detaik. 
That  would  be  a  serious  blunder  in  the  use  of  this  method  of 
teaching  or  learning. 

I  believe  that  it  is  one  of  the  chief  duties  of  a  teacher  to  epi- 
tomize very  carefully  his  subject  as  fully  as  possible  by  whatever 
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methods  he  may  devise.  In  so  far  as  he  is  successful  in  this  prac- 
tice so  far  will  the  students  in  his  classes  carry  away  with  them  a 
definite  and  compact  and  possibly  useful  body  of  knowledg^e  upon 
the  subject  taught.  Such  a  chart  as  this  has  been  found  very 
useful  in  such  an  epitome,  and  the  method  in  general  is  successful 
in  application. 

Raymond  J.  Pool,  Ph.  D. 
The  University  of  Nebraska. 

A  MfiTH(X>  for  mounting  ANATOMICAL  PREPARATIONS  FOR 
EXHIBITION 

Oftentimes  students  in  comparative  anatomy  make  excellent 
preparations  which  are  worthy  of  preservation.  But  this  is  not  done 
as  a  rule  because  of  the  trouble  in  mounting.  A  glass  strip  of  just 
the  right  size  to  fit  into  the  exhibition  jar  must  be  found.  The 
preparation  is  with  difficulty  tied  by  thread  to  the  glass  plate.  If 
one  could  only  "pin''  into  glass!  The  following  method  is  sug- 
gested as  a  solution.  A  mixture  of  hard  parafiin,  beeswax  and 
lampblack  is  melted  up  and  poured  into  a  paper  box  cover  about 
the  size  needed  had  a  glass  plate  been  used.  The  mixture  in  the 
cover  should  be  between  54  ^nd  yi  inch  deep.  It  should  be  allowed 
to  cool  somewhat  and  then  on  this  bed  the  preparation  should  be 
placed  and  pressed  down  into  it  somewhat.  A  few  small  pins  can 
easily  be  made  to  fasten  it  securely.  When  the  matrix  is  cooled 
they  can  be  clipped  off  on  the  back.  Labels  can  also  be  easily 
attached  to  parts  of  the  dissection.  The  entire  cover  can  now  be 
placed  in  cold  water  for  a  few  minutes.  When  hardened  the  cover 
can  be  cut  away  with  a  knife — ^the  parafKn  background  cut  down 
to  just  the  size  that  will  fit  into  the  glass  jar— care  being  taken  to 
make  it  fit  in  snugly.  The  jar  can  now  be  filled  with  formalin  and 
the  cover  fastened  on.  The  black  background  makes  the  objects 
stand  out  distinctly  and  the  preparation  never  becomes  loosened 
from  its  wax  bed.  The  whole  operation  takes  but  a  few  minutes 
time. 


G.  G.  SOOTT. 


Department  of  Biology, 

College  of  the  City  of  New  York. 
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GREEN   LIGHT  FOR  DEMONSTRATING  LIVING  CESTGDE  OVA 

By  projecting  the  light  from  a  small  arc  through  two  screens, 
one  of  Picric  Acid  yellow  and  one  of  Methyl  Blue  blue,  a  green 
light  was  obtained  which  gave  a  peculiarly  sharp  definition  to  the 
detaib  of  living  Cestode  ova.  T|ie  ^;gs  were  studied  on  a  slide 
under  either  low  or  high  power.  This  light  has  been  used  in 
connection  with  the  demonstration  of  the  ^gs  of  Dipylidium  ca- 
ninum,  Tama  crassicollis  and  Hymenolepis  nana.  The  color  screens 
were  prepared  by  staining  lantern  slide  plates,  after  dissolving  out 
the  silver  with  Hypo  from  the  unexposed  plate,  in  either  a  weak 
solution  of  Picric  acid  or  Methyl  Blue.  In  each  case  the  film 
was  stained  until  it  showed  a  distinct  color  when  washed  in  water. 

University  of  Colorado.  M.  M.  Ellis. 

A  NEW  METHOD  OF  STAINING  TISSUES  CONTAINING  NERVES 

Captain  Sydney  M.  Cone,  M.  D.  (J.  Am.  Med.  Assn.,  Jan.  19, 
1918)  proposes  the  following  method  for  nerves,  which  he  says  is 
excellent  in  bringing  out  axis  cylinder  and  medullary  sheaths,  being 
approached  only  by  Bielschowsky's  Axis  Cylinder  stain.  The  latter 
requires  days,  and  does  not  give  contrast  staining. 

(1)  Harden  in  4%  fom[ialdehyde  for  6  days;  (2)  carry  thru 
graded  alcohols  to  ether  and  absolute  alcohol;  (3)  embed  in  cel- 
loidin  and  cut  10-20  microns,  washing  in  water;  (4)  stain  15  min- 
utes in  carbol  fuchsin,  washing  rapidly  in  water;  (5)  place  in  1% 
osmic  acid  5  minutes ;  (6)  wash  rapidly,  and  stain  for  1  minute  in 
50%  aqueous  solution  of  safranin;  (7)  place  in  1%  acid  alcohol 
1  minute;  and  in  95%  alcohol  for  2  minutes;  (8)  place  in  absolute 
alcohol  and  clove  oil  alternately  until  sections  appear  deep  pink  and 
translucent;  (9)  place  in  xylene  2  minutes,  and  mount  in  Canada 
balsam. 

Paraffin  sections  sometimes  stain  fairly  well,  but  it  is  not  safe, 
as  xylene  used  to  remove  the  paraffin  before  staining  interferes 
with  the  process.  The  formaldehyde  hardening  is  essential  for  the 
success  of  the  stain. 

[I  wonder  whether  terpineol  could  not  be  used  here,  or  berga- 
mot,  or  naphtha,  or  even  toluol.    It  would  be  a  good  thing  if  labora- 
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tory  workers  would  give  the  newer  results  for  clearing  agents  that 
do  not  decolorize  stains,  used  after  imbedding  in  (a)  cdloidin  or 
parlodion,  or  (b)  paraffin. — ^V.  A.  Latham,  Abstractor.] 

FONTANA's  SPIROCHETE  STAIN 

Fontanels  method  of  staining  spirochetes  involves  the  use  of 
the  following  preparations: — 1.  Fixing  fluid:  acetic  add,  1  cc; 
formalin,  20  c.c;  distilled  water,  100  cc.  2.  Mordant:  tannic 
acid,  5  gm. ;  phenol  solution  (1  per  cent),  100  cc  3.  Silver  solution: 
Prepare  a  OJ25  per  cent  solution  of  nitrate  of  silver,  which  may  be 
done  with  sufficient  accuracy  by  dissolving  a  small  crystal  in  half  a 
test  tube  of  distilled  water  and  adding  just  enough  ammonia  solu- 
tion to  cause  a  slight  permanent  turbidity.    4.  Distilled  water. 

3.  Process:  Prepare  the  slide  to  be  stained  by  spreading  the 
material  from  the  syphilitic  lesion  very  thinly  on  a  clean  slide,  allow- 
ing to  dry  spontaneously ;  fix  by  pouring  on  the  fixing  fluid,  pouring 
it  off  after  a  few  seconds.  Renew  immediately,  and  perform  this 
process  several  times.  The  total  duration  of  this  stage  should  be 
not  less  than  a  minute.  Wash  well  in  distilled  water,  flood  with  the 
mordant,  apply  gentle  heat  until  steam  arises,  and  allow  the  process 
to  omtinue  for  half  a  minute;  wash  thoroug^y  in  distilled  water 
(15  to  30  seconds),  flood  with  the  silver  soluticm,  again  warm  gently 
for  half  a  minute,  wash,  blot  and  dry.  Mount  in  balsam  for  per- 
manent specimens.  The  spirochetes  are  stained  jet  black,  and  appear 
larger  than  when  stained  by  ordinary  methods.  Cedar  oil  causes 
the  spirochetes  to  pale.  V.  A.  L. 

SIMPLE  METHOD  OP  CLEANING  OLD  USED  SLIDES 

Johnson  (J.  Am.  Med.  A.,  Dec.  8,  1917)  suggests  soaking  slides 
indefinitely  (24  hours  at  least)  in  full  strength  commercial  (house- 
hold) ammonia,  followed  by  rinsing  with  water  and  wiping  dean. 
Stained  smears  of  all  kinds,  immersion  oil,  balsam  mounts  are 
equally  well  cleaned.  The  same  supply  may  be  used  repeatedly  if 
kept  in  tightly  closed  receptacle  V.  A.  L. 

MENTHOL  FOR  NARCOTIZING 

Don't  forget  that  menthol  is  an  effective  reagent  in  narcotizing 
or  anaesthetizing  lower  forms  of  life  such  as  Rotifers,  Infusoria,  or 
even  small  Crustacea.  V.  A.  L. 
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FRESH   WATER  BIOLOGY 

Teachers  in  America  have  been  eagerly  awaiting  this  volume 
for  several  years.  The  knowledge  of  the  plans  of  the  editors  and 
publishers,  including  as  they  have  the  collaboration  of  a  large  num- 
ber of  active  biologists,  has  inevitably  become  wide  spread.  The 
need  of  such  a  work,  planned  on  a  scale  that  would  be  at  once 
liberal  and  feasible,  has  been  so  genuine  that  it  was  assured  in 
advance  of  a  very  wide  use  among  teachers  and  working  biologists. 

The  unanimous  verdict  will  be  that  every  reasonable  expecta- 
tion has  been  met  by  Professors  Ward  and  Whipple  and  their 
helpers,  in  spite  of  the  fact  that  the  delays  inevitable  in  getting 
such  a  synthetic  task  before  the  public  will  cause  many  of  the 
contributors  themselves  to  feel  the  need  of  revising  their  work  by 
the  time  of  its  first  appearance.  All  teachers  of  Biology,  all 
advanced  students  of  any  group,  all  amateurs  who  use  the  micro- 
scope on  Itvii^  things,  will  find  'Tresh  Water  Biology"  a  necessary 
part  of  their  equipment 

The  volume  is,  in  many  ways,  very  close  to  the  kind  of  work 
wluch  has  long  been  fostered  and  advanced  by  the  American  Micro- 
scopical Society  and  its  Transactions.  An  organized  interest  in 
limnological  work  was  manifest  as  early  as  1899,  at  which  meeting 
a  Limnological  Qimmission,  consisting  of  Professors  Birge,  Eigen- 
mann,  Kofoid,  Ward  and  Whipple,  was  appointed  to  ''unify,  extend, 
and  stimulate  limnological  work  in  this  country.''  The  following 
year  this  Commission  made  a  report  which  anticipated  much  of 
the  ecological  work  done  since  with  the  fresh-water  forms  of  this 
country,  and  unquestionably  gave  inspiration  and  impetus  to  the 
studies  on  which  this  book  is  based.  While  the  volume  cannot  be 
Usted  among  the  annual  ^'Transaction/'  of  the  Society,  certain  it 
is  tiiat  much  of  the  contributory  work  leading  to  this  fine  showing 
in  American  fresh-water  Biology  has  been  done  by  members  of 
this  Society  and  published  in  one  form  or  another  in  its  Tra$i5aC' 
tions. 

So  close  is  this  enterprize  to  what  this  Society  has  been  encour- 
aging in  every  possible  way  for  many  years,  that  the  pages  of  the 
Transactions  are  now  freely  offered  the  editor  and  collaborators, 
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pending  new  editions  of  the  book,  for  such  sui^lementary  and 
revisional  statements  as  may  be  necessary  from  time  to  time  to 
keep  the  accounts  and  keys  of  the  various  groups  up  to  date.  Such 
a  cooperative  arrangement  would  contribute  greatly  both  to  the 
convenience  of  our  membership  and  to  the  most  effective  use  of 
this  manual. 

The  work  is  much  too  compendious  and  condensed  to  allow  an 
adequate  statement  even  of  its  scope,  much  less  to  bring  to  our 
readers  any  of  its  specific  contents.  In  general  the  material  pre- 
sented is  to  be  classified  under  three  headings:  (1)  General  dis- 
cussion of  the  conditions  of  life  and  of  the  effective  study  of  organ- 
isms; (2)  the  biological  conditions,  method  of  collection,  culture 
and  preservation  of  the  special  groups;  and  (3)  systematic  keys, 
with  descriptions  and  illustrations  of  the  classes,  orders,  families, 
genera,  and  representative  American  species  of  the  groups  treated. 

Under  the  first  head  may  be  included  the  introductory  chapter 
by  Professor  Ward,  the  chapter  on  "Conditions  of  Existence"  by 
Professor  Shelford,  on  "Methods  of  Collecting  and  Photograph- 
ing" by  Professor  Richard,  and  the  concluding  chapter  by  Pro- 
fessor Whipple  on  "Technical  and  Sanitary  Problems,"  as  related 
to  fresh  waters.  The  biological  features  of  the  special  groups  are 
treated  at  the  banning  of  the  appropriate  chapters.  The  chap- 
ters on  Bacteria,  Larger  Aquatic  V^etation,  and  Aquatic  Verte- 
brates are  confined  to  this  aspect,  making  no  effort  at  systematic 
display. 

The  following  experts  furnish  the  s)rstematic  chapters:  Ed- 
gar W.  Olive,  Blue-green  Algae;  Julia  W,  Snow,  Other  Fresh 
Water  Algae;  C.  H.  Edmondson,  Amoeboid  Protozoa;  H.  W.  Conn 
and  C.  H.  Edmondson,  Flagellate  and  Ciliate  Protozoa;  Edward 
Potts,  The  Sponges;  Frank  Smith,  Hydra  and  Other  Fresh  Water 
Hydrozoa ;  Caroline  E.  Stringer,  The  Free-living  Flatworms ;  Henry 
B.  Ward,  Parasitic  Flatworms;  Wesley  R.  Coe,  The  Nemerteans; 
N.  A.  Cobb,  Free-living  Nematodes ;  H.  B.  Ward,  Parasitic  Round- 
worms; H.  S.  Jennings,  The  Wheel  Animalcules;  H.  B.  Ward, 
Gastrotricha ;  Frank  Smith,  Aquatic  Chaetopods;  J.  Percy  Moore, 
The  Leeches;  A.  S.  Pearse,  The  Fairy  Shrimps;  E.  A.  Biige,  The 
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Water  Fleas ;  C.  Dwight  Marsh,  Copepoda ;  R.  W.  Sharpe,  Ostra- 
coda;  A.  E.  Ortman,  Higher  Crustaceans;  R.  H.  Wolcott,  The 
Water  Mites;  James  G.  Needham,  Aquatic  Insects;  Charles  B. 
Davenport,  Moss  Anunalcules ;  Bryant  Walker,  The  Mollusca. 

Two  devices  in  the  arrangement  of  the  systematic  matter  call 
for  comment  The  guide  numbers  in  the  artificial  keys  are  arranged 
in  accordance  with  a  plan  developed  by  Professors  Forbes  and 
Smith  at  the  University  of  Illinois.  Each  guide  line  b^ns  with 
a  number.  In  addition  to  its  own  appropriate  number  which  leads, 
there  follows  in  parentheses  the  alternative  number  (or  numbers) 
which  indicates  the  contrasted  line  to  which  the  seeker  must  go  if 
that  particular  l^end  is  not  diagnostic  This  is  true  both  of  the 
earlier  and  the  later  guide  lines  in  a  given  series.  If  a  given  key 
line  is  acceptable  the  further  guiding  number  is  at  the  close  of  the 
line.  The  device  thus  gives  a  perfect  system  of  cross  references 
both  forward  and  backward  between  cat^ories  of  a  given  grade. 
This  is  unnecessary  in  brief  keys;  but  where  there  are  scores  of 
intervening  subordinate  cat^ories  it  is  a  great  convenience.  The 
name  and  description  of  a  species,  all  the  supplementary  biological 
facts  concerning  it  and  the  illustration  are  included  in  a  solid  panel 
between  its  own  key  line  and  the  next.  This  gives  a  convenient 
compactness  which  is  very  satisfying. 

The  general  impression  which  follows  examination  of  the  book 
is  the  perfectly  enormous  amount  of  material  condensed  into  its 
somewhat  more  than  1000  pages.  This  means,  of  course,  great 
brevity,  and  yet  no  one  interested  in  these  groups  can  feel  that  the 
interesting  and  important  matter  has  been  left  out.  To  one  whose 
studies  are  confined  largely  to  a  single  group  there  must  come 
a  renewed  and  enlarged  sense  of  the  representative  character  of 
the  fresh-water  organisms.  One  has  brought  home  to  him  also 
the  vast  incompleteness  of  our  records  of  the  American  distribution 
of  even  the  better  known  fresh-water  species.  It  ought  to  be  pos- 
sible in  connection  with  the  extended  use  and  further  revision  of 
such  a  work  as  this  to  get  a  better  account  of  specific  range  in  this 
country. 

It  seems  ungenerous  to  mention  slight  imperfections  where 
so  much  has  been  brought  to  our  aid.    However,  the  appearance 
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of  the  chapters  on  Protozoa  and  Oligochaetes  is  marred  by  the  use 
of  occasional  cuts  too  heavy  and  opaque  to  give  any  true  idea  of 
the  delicacy  of  the  organisms.  Figure  962  of  ChBtogaster  is  an 
examine  of  this. 

A  list  of  important  references,  in  no  case  purporting  to  be  a 
complete  bibliography,  concludes  each  chapter.  An  adequate  index, 
including  important  descriptive  terms  and  all  of  the  scientific  names 
used  in  the  keys,  concludes  the  book. 

Freah  Watar  Biotogy,  by  Henry  B.  Ward  and  G.  C  Whipple,  with  a  ataff  of 
Specialitta  coUaboratinff.  Pacea  ix  and  UU,  with  1547  text  ficorea.  John  WQey  and 
Sooa,  New  York  and  London,  1918.    Price,  $6.00. 

AN   INTRODUCTION  TO  THE   HISTORY  OF  SCIENCE 

Nothing  which  has  come  to  the  attention  of  the  reviewer  puts 
more  convincingly  the  meaning  of  the  history  of  science  than  the 
preface  of  this  little  book  by  Professor  Libby.  "The  history  of 
science  has  something  to  offer  to  the  humblest  intelligence.  It  is  a 
means  of  imparting  a  knowledge  of  scientific  facts  and  principles 
to  unschooled  minds. 

"The  history  of  science  is  an  aid  in  scientific  research.  It 
places  the  student  in  the  current  of  scientific  thought,  and  gives 
him  a  clue  to  the  purpose  and  necessity  of  the  theories  he  is  required 
to  master.  It  presents  science  as  the  constant  pursuit  of  truth 
rather  than  the  formulation  of  truth  long  since  revealed;  it  shows 
science  as  progressive  rather  than  fixed,  dynamic  rather  than  static, 
a  growth  to  which  each  may  attribute. 

"It  is  only  by  teaching  the  sciences  in  their  historical  devdop- 
ment  that  the  schools  can  be  true  to  the  two  principles  of  modem 
education,  that  the  sciences  should  occupy  the  foremost  place  in 
the  curriculum  and  that  the  individual  mind  in  its  evolution  should 
rehearse  the  history  of  civilization. 

"The  history  of  science  should  be  given  larger  place  than  at 
present  in  general  history.  History  of  science  studies  the  past 
for  the  sake  of  the  future.  It  is  a  story  of  continuous  progress. 
It  is  rich  in  biographical  material.  It  shows  the  sciences  in  their 
interrelations,  and  saves  the  student  from  narrowness  and  pre- 
mature specialization.    It  affords  a  unique  approach  to  the  study 
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of  philosophy.  It  gives  an  interest  in  the  applications  of  knowledge, 
offers  a  clue  to  the  complex  civilization  of  the  present,  and  renders 
the  mind  hospitable  to  new  discoveries  and  inventions. 

"The  history  of  science  is  hostile  to  the  spirit  of  caste.  It 
reveals  men  of  all  grades  of  intelligence  and  of  all  social  ranks 
co-operating  in  the  cause  of  human  progress.  It  is  a  basis  of  intel- 
lectual and  social  homogeneity. 

"Science  is  international, — ^English,  Germans,  French,  Italians, 
Russians — ^all  nations— contributing  to  advance  the  general  interests. 
[The  teaching  of  it]  cannot  fail  to  enhance  in  the  breast  of  every 
young  man  or  woman  faith  in  human  progress  and  good  will  to  all 
mankind." 

In  method,  this  introduction  takes  up  certain  great  scientific 
relations  and  applications,  and  treats  these  largely  in  connection 
with  the  personality  of  the  men  who  have  contributed  their  solu- 
tions. Some  of  the  graphic  chapter  headings  will  carry  the  sug- 
gestion of  method  and  of  content: — 1.  Science  and  Practical  Needs 
— Egypt  and  Babylonia ;  2.  Influence  of  Abstract  Thought — Greece : 
Aristotle;  3.  Scientific  Theory  Subordinated  to  Application — ^Rome: 
Vitruvius;  4.  The  Continunity  of  Science — ^the  Medieval  Church 
and  the  Arabs;  6.  Scientific  Method;  7.  Science  as  measurement; 
8.  Cooperation  in  Science;  9.  Science  and  the  Struggle  for  Lib- 
erty; 10.  Interaction  of  all  the  Sciences;  11.  Science  and  Religion; 
12.  Reign  of  Law;  14.  Scientific  Prediction;  16.  Science  and  War; 
17.  Science  and  Invention;  19.  The  Scientific  Imagination;  20. 
Science  and  Democratic  Cidture. 

The  presentation  is  simple,  direct,  vivid,  untechnical,  and  well 
suited  to  the  intelligent  reader  with  general  interests. 

An  Introdactioii  to  the  History  of  Science,  by  Walter  Libby.  Illuttrated;  288 
pages.    Hongfatoo,  Mifflin  Company,  Boston,  1917.    Price,  $1.50,  postpaid. 

A  SHORT  HISTORY  OF  SCIENCE 

Evidently  the  stay  and  the  work  of  M.  Sarton  in  this  country 
is  helping  create  an  atmosphere  in  which  we  may  prophesy  an  exten- 
sion of  interest  in  the  history  of  science.  In  this  atmosphere  our 
own  American  teachers,  who  have  been  doing  something  in  this  field 
for  their  students,  are  being  encouraged  to  bring  their  work  to  the 
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more  general  audience.  All  this  is  very  much  worth  while  and  will 
stimulate  the  giving  of  similar  courses  in  many  of  our  schools  and 
collies,  both  to  culture  the  general  student  and  to  unify  the  scien- 
tific consciousness  of  the  student  of  science. 

The  book  under  review  is  by  Professors  Sedgwick  and  Tyler 
and  embodies  very  largely  the  well  known  course  of  lectures  cm 
the  subject  begixn  by  the  senior  author  in  Massachusetts  Institute 
of  Technology  more  than  twenty-five  years  ago.  The  purpose  is 
expressed  by  the  authors  thus, — ^"To  furnish  a  broad  genend  per- 
spective of  the  evdution  of  science,  to  broaden  and  deepen  the 
range  of  the  students'  interests,  and  to  encourage  the  practise  of 
discriminating  scientific  reading,  ...  by  furnishing  the  student 
and  the  general  reader  with  a  concise  account  of  the  origin  of  that 
scientific  knowledge  and  that  scientific  method  which,  especially 
within  the  last  century,  have  come  to  have  so  important  a  share  in 
shaping  the  conditions  and  directing  the  activities  of  human  life.'' 

The  general  treatment  is  broadly  chronological  and  geographic, 
— following  the  origin  and  rise  of  the  wonderfully  varied  civiliza- 
tions of  the  near-Mediterranean  peoples  and  their  distinctive  marks 
upon  the  progress  of  knowledge,  of  its  applications,  and  of  the 
method  and  spirit  which  its  right  pursuit  demands  of  its  followers. 
The  chapter  headings  indicate  this  phase  of  the  treatment :  Early 
Civilizations ;  Early  Mathematical  Science  in  Babylonia  and  Egypt ; 
Beginnings  of  Science ;  Science  in  the  Golden  Age  of  Greece ;  Greek 
Science  in  Alexandria ;  Decline  of  Alexandrian  Science ;  The  Roman 
World, — ^The  Dark  Ages;  Hindu  and  Aratnan  Science;  Progress 
to  1450  A.  D. ;  A  New  Astroncnny  and  the  B^nnings  of  Modem 
Natural  Science ;  Mathematics  and  Mechanics  in  the  Sixteenth  Cen- 
tury; Natural  and  Physical  Science  in  the  Seventeenth  Century; 
B^nnings  of  Modem  Mathematical  Science;  Science  in  the  Eigh- 
teenth Century;  Modem  Tendencies  in  Mathematical  Science;  Ad- 
vances in  Science  in  the  Nineteenth  Century. 

Within  these  general  headings,  further  analysis  and  presenta- 
tion are  based  upon  a  combination  of  biography,  the  rise  and  solu- 
tion of  problems,  and  the  discovery  of  the  principles  which  have 
proved  significant  and  fmitful.  Topics  like  the  following  raise 
the  expectations  of  the  reader  and  incUcate  the  emphasis :  Primitive 
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Interpretations  of  Nature;  Astrology;  Primitive  Counting  and 
Geometry ;  Mathematics  in  Egypt ;  the  Calendar  and  Measurements 
of  Time ;  Greek  Mathematics ;  Pjrthagoras ;  B^nnings  of  Rational 
Medicine;  the  Hippocrates;  the  Sophists;  Circle  Measurements; 
Aristotle;  Euclid;  Archimedes;  Earth  Measurements;  Bq^nings 
of  Human  Anatomy ;  Mathematics  and  Astronomy  at  Alexandria ; 
Ptolemy ;  Hindu  Astronomy ;  Arabian  Contributions  to  Mathematics 
and  Astr(Hiomy ;  Renaissance  and  Sciences ;  Alchemy ;  the  Compass ; 
Clocks;  Textiles;  Printing;  the  New  Astronomy, — Copernicus, 
Tycho  Brahe,  Kepler,  Galileo;  Medicine  and  Chemistry,  Anatomy; 
Vesalius;  Higher  Algebraic  Equations  and  Symbolic  Algebra;  Gre- 
gorian Calendar;  Harvey  and  Blood  Circulation;  Studies  of  the 
Atmosphere,  Barometer,  gases;  Phlogiston;  B^^ings  of  Chem- 
istry ;  Bacon  and  Descartes ;  and  thus  on  to  the  great  wave  of  mathe- 
matical and  natural  science  discoveries  of  the  eighteenth  and  nine- 
teenth centuries  which  cannot  even  be  enumerated  here. 

The  book  is  enlivened  thruout  by  appropriate  quotations  from 
the  men  who  did  the  work  and  from  appreciative  commentators  on 
that  work.  In  a  series  of  appendices  are  more  lengthy  documents, 
— as,  the  oath  of  Hippocrates,  Dedications  by  Copernicus  and  Har- 
vey, Gallileo  before  the  Inquisition,  and  the  like.  Appendix  I 
enumerates  and  discusses  briefly  some  leading  inventions  of  the 
last  two  centuries. 

The  volume  closes  with  a  table  of  the  important  dates  in  the 
history  of  science  and  of  civilization,  a  brief  list  of  reference  books, 
and  an  index.    Each  chapter  closes  with  a  list  of  references. 

The  book  is  attractively  made  up  and  printed. 

A  Short  History  of  Science,  by  Sedgwick  and  Tyler.  lUuttrated,  474  pagei. 
The  Macmillan  Co..  New  York,  1917.    Price,  $3.50. 

BIOCHEMICAL  CATALYSTS  IN  LIFE  AND  INDUSTRY 

This  volume  discusses  only  the  proteolytic  enzymes,  being  the 
second  volume  by  the  author  on  enzymes  and  their  uses.  A  pre- 
liminary chapter  discusses  the  nature  of  the  transformations  that 
take  place  in  the  living  cell,  the  inorganic  catalysts,  the  biochemical 
catalysts,  the  theories  as  to  their  mode  of  operation,  and  a  classifi- 
cation of  proteolytic  enzymes  based  on  the  number  of  molecules  of 
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water  they  are  capable  of  fixing  in  a  molecule  of  albumin.  Follow- 
ing Schutzenberger's  conception  of  the  structure  of  the  polypeptide 
molecule,  the  author  presents  a  very  attractive  and  cogent  statement 
of  the  mechanism  of  progressive  hydrolysis  of  these  molecules  imder 
ferment  action. 

The  general  discussion  proceeds  under  these  heads: — ^The 
Coagulating  Catalysts, — ^thrombin,  myosinase,  and  rennet;  Pepsin; 
Trypsin,  both  pancreatic  and  f rcxn  various  animal  and  vegetable 
sources;  Erepsins,  including  those  secreted  in  the  intestines,  the 
poorly  defined  peptolytic  enzymes  which  act  on  so-called  peptones, 
nucleases  which  transform  the  phosphoric  nucleo-proteins,  argin- 
ase,  and  a  small  group  of  creatin-destroying  catalysts ;  and  the  Ami- 
doses,  the  group  of  enzymes  which  aid  in  the  final  deccmiposition 
of  the  amino-adds, — the  last  stages  of  the  reduction  of  the  protein 
molecule  before  assimilation  or  excretion. 

The  statement  of  the  nature,  origin,  mode  of  isolation,  prop- 
erties, and  physiological  role  of  these  vital  substances  is  extremely 
lucid,  and  meets  the  need  of  the  general  biologist  who  has  not 
the  opportunity  to  keep  abreast  with  the  more  technical  aspects  of 
this  department  of  biodiemistry. 

Most  general  readers  will  be  especially  attracted  to  Part  VI, 
which  deals  with  the  applications  of  these  organized  catalysts  to 
medicin^  and  industry,  together  with  the  grounds  upon  which  such 
applications  are  possible.  The  author  traces  the  use  and  abuses  of 
pepsin  in  therapeutics,  and  progress  made  in  standardizing  tests  of 
its  efficiency  both  as  to  dissolving  and  in  actual  peptonizing  power. 
Reference  is  made  to  peptones,  both  peptic  and  pancreatic,  offered 
as  an  easily  assimilable  diet  for  greatly  debilitated  patients.  Sim- 
ilar preparations  are  used  in  making  ctilture  broths  in  bacteriolog- 
ical laboratories. 

In  a  similar  way  diagnosis  of  stomach  states  is  made  t^  analysis 
of  the  gastric  contents  at  different  stages  of  test  meals,  with  a  view 
to  obtaining  the  amount  of  chemical  change,  the  acidity,  and  the 
enzymic  contents.  The  author  holds  that  the  disrepute  into  which 
this  determination  has  fallen  is  due  to  poor  methods  of  application 
rather  than  to  any  fault  of  the  principle  itself. 

In  preservation  and  use  of  grains  and  flours  native  proteolytic 
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enzymes,  and  those  produced  by  micro-organisms  on  the  surface 
of  the  grains  or  placed  in  the  flour  purposely,  bring  changes  that 
must  be  consider^.  So  in  brewing  and  in  grain  distillation,  these 
biological  catalysts  play  an  essential  role.  The  same  processes  are 
seen  in  the  milk  ferments  and  in  the  ripening  of  cheeses.  In  the 
latter  some  of  the  enzymes  are  native  to  the  milk,  some  are  pro- 
duced by  micro-organisms,  and  rennet  is  added  artificially. 

There  is  an  interesting  discussion  of  the  relation  of  the  pro- 
teolytic milk  ferments  to  intestinal  putrefaction.  The  writer  him- 
self has  done  work  with  the  Bulgarian  ferment,  and  his  views 
as  to  the  cause  of  the  benevolent  intestinal  action  of  the  various 
clotted  milks  are  contrasted  with  those  of  Metchnikoff  and  others. 

Other  topics  discussed  are : — putrefaction,  enzymes  (q)erative  in 
tanning,  biocatalysts  of  the  soil,  assimilation  of  atmospheric  nitro- 
gen, fertilizers,  recovery  of  nitrc^^enous  wastes,  and  artificial  nitro- 
genous foods. 

As  the  outcome,  largely,  of  his  own  experiments  the  author 
sums  up  his  conclusions  in  respect  to  the  last  item  thus: — ''It  ap- 
pears that  there  is  ample  proof  that  the  organism  draws  all  its 
nitr(^;enous  constituents  from  the  hydrolysis  of  proteins.  These 
may  result  either  from  the  actual  process  of  digestion,  or  from 
artificial  means,  like  the  action  in  vitro  of  proteolytic  enzymes  or 
the  acti(Hi  of  concentrated  acids.  In  all  events,  these  [artificially 
reduced  nitrogen  molecules]  are  directly  assimilable  substances  and 
should  be  considered  as  food  materials  of  great  nutritive  value. 

In  fact,  it  has  been  established  that  a  mixture  of  amino-acids, 
containing  qualitatively  and  quantitatively  all  the  principal  products 
of  the  complete  hydrolysis  of  proteins,  can  replace  the  albuminoid 
foods,  and  as  such  maintain  the  animal  organism  in  nitrogenous 
equilibrium."  The  writer  is  convinced  that  nutrition  can  ultimately 
be  effected  more  economically  and  rationally  by  the  substitution  of 
some  of  these  artificially  produced  nitrogenous  foods  for  the  com- 
plex natural  ones,  such  as  meat. 

Each  chapter  is  followed  by  a  bibliography ;  and  an  index  closes 
the  book.    The  mechanical  part  is  well  done. 

Biochemical  Catalysts  in  Life  and  Industry,  by  Jean  Bffront.  Translated  by 
Samuel  C.  Prescott,  752  pages.  John  Wiley  and  Sons.  New  York,  1918.  Price.  $5.00. 
postpaid. 
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PROCEEDINGS 

oi  tke  Amencan  MieroMopical  Society 


MINUTES  OF  THE  PITTSBURG  MEETING 

The  thirty-sixth  annual  meeting  of  the  American  Microscopical  Society 
was  held  m  affiliation  with  the  A.  A.  A.  S.  at  Pittsburg,  Pa.,  Dec  29,  1917. 

In  the  absence  of  President  Guyer,  Vice-President  Griffin  acted  as 
chairman. 

The  report  of  the  Custodian  was  presented  and  was  accepted,  ordered 
printed  and  referred  for  audit  to  a  committee  consisting  of  Professor  Grif- 
fin and  any  other  Pittsburg  members  whom  he  might  select. 

The  Treasurer's  report  for  the  years  1916  and  1917  was  accepted  and 
referred  to  an  auditing  committee  consisting  of  Drs.  Latham  and  McCalla 
of  Chicago. 

The  Society  approved  the  recommendation  of  the  Treasurer  that  the 
fiscal  year  be  regarded  as  extending  from  Dec  1  to  Nov.  30. 

The  following  officers  were  duly  nominated  and  elected  for  the  con- 
stitutional periods:  President,  Professor  L.  E.  Griffin,  University  of  Pitts- 
burg; First  Vice-President,  Dr.  H.  M.  Whclpley,  St.  Louis;  Second  Vice- 
President,  Professor  C.  O.  Esterly,  Occidental  College;  Secretary,  T.  W. 
Galloway,  Beloit  College  (for  two  years) ;  Custodian,  Magnus  Pflaum,  Esq. 

In  connection  with  the  re-election  of  Mr.  Pflaum  it  ¥^s  noted  that  he 
has  been  custodian  for  eighteen  years  continuously  since  the  formation  of 
the  office,  having  been  Treasurer  for  three  years  before  A  cordial  vote 
of  appreciation  was  extended  him  for  this  long  and  efficient  service. 

Professor  Max  M.  Ellis  of  University  of  Colorado  and  Professor 
J.  E.  Ackert  of  Kansas  State  Agricultural  College  were  chosen  as  the  elective 
members  of  the  Executive  Committee  for  1918. 

Professors  Griffin  and  Galloway  were  appointed  a  committee  to  approve 
and  print  tiie  minutes.    Adjourned. 

T.  W.  Galloway,  Secretary. 
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SPENCER-TOLLES  FUND 
Custodian's  Report  for  the  Yemis  1916  and  1917 

Amouiit  reported  in  1915 $4489^ 

Jan.    1,  1916^  Dividends  $134.67 

July    1,  1916^  Dividends  138.69 

Dec   6^  1916^  Sale  of  Transactions   60.00 

Dec  15»  1916»  Sale  of  Transactions   60.00 

Dec31,  1916^  Dividends  142.86      53622 

$5025.54 

July    1,  1917,  Dividends  $150.75 

Dec  31,  1917,  Dividends  15528      306.03 

$5331.57 

GEAND  TOTALS 

All  Contributions  $  80027 

All  Sales  of  Transactions   87BJ8 

All  Life  Memberships  300.00 

All  Interest  and  Dividends   3542.92  $5521.57 

LI88 

AU  Grants  $  150.00 

AU  Dues  on  Ufe  Members 40.00      190.00 


$5331^7 

Life  Members:  (Robert  Brown,  dec'd) ;  J.  Stanford  Brown;  Seth 
Bunker  Capp;  Henry  B.  Duncanson;  A.  H.  Elliott;  John  Hately. 

Contributors  of  $50  and  over:  John  Aspinwall;  Iron  Qty  Microscop- 
ical Society;  Magnus  Pflaum;  Troy  Scientific  Society. 

Magnus  Pflaum,  Custodian. 
Pittsburgh,  Pa.,  Dec  29,  1917. 

We,  the  undersigned  committee,  hereby  certify  that  we  have  carefully 
examined  the  above  account  for  die  years  1916  and  1917  and  found  the  same 
correct 

L.  £.  GaimN,  Chm.  Auditing  Committee. 
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ANNUAL  REPORT  OF  THE  TREASURER  OF  THE  AMERICAN 
MICROSCOPICAL  SOCIETY 

December  24,  1915,  to  December  24^  1916 

RECEIPTS 

Balance  on  hand  from  1915 $  476.65 

Membership  dues  532.10 

Initiation  fees  129.00 

Subscribers   30220 

Sales  of  Transactions 150.40 

Advertisers  184.90 

Miscellaneous  2.68 

Total  Receipts $1777.93 

EXPENDITURES 

Printing  Transactions,  volume  34,  no.  4   $  26928 

Printing  Transactions,  volume  35,  nos.  1,  2,  and  3  592.13 

Plates  for  Transactions,  volume  34,  no.  4    8.91 

Plates  for  Transactions,  volume  35,  nos.  1,  2,  3  and  4  (in  part) . . . ;  74.92 

Advertising  literature 37.00 

Office  expenses;  stenography,  supplies,  etc. — 

Secretary  134.59 

Treasurer 26.70 

Postage  and  express — 

Secretary  109.78 

Treasurer 31.90 

Mailing  Transactions 16.16 

Spencer-Tolles  Fund  from  sales  of  sets  of  Transactions  to  U.  of  Pa. 

and  to  Notre  Dame  U 120.00 

Purchase  of  partial  sets  of  Transactions 45.50 

Expenses  of  Secretary  at  Columbus  meeting,  1915 31.65 

Sundry 5.70 

Balance  on  hand 273.71 


$1777.93 

Respectfully  submitted, 

H.  J.  Van  Cleave,  Treasurer. 
Feb.  15,  1918. 

We  hereby  certify  this  statement  corresponds  with  the  Treasurer's  book. 

V.  A.  Latham, 
George  Edward  Fell, 
Auditing  Committee. 
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ANNUAL  REPORT  OF  THE  TREASURER  OF  THE  AMERICAN 

MICROSCOPICAL  SOCIETY 

For  the  year  beginning  Dec  25,  1916,  and  ending  Dec  21,  1917 

RECEIPTS 

Balance  on  hand  from  1916 $  27371 

Membership  dues  880.00 

Initiation  fees  42.00 

Subscribers  119.80 

Sale  of  Transactions 174.00 

Advertisers  435.00 

Partial  payment  for  cuts 23.14 

ToUl  receipts $1947.65 

EXPENDirxniES 

Printing  Transactions,  volume  35,  no.  4   $  2S92S 

Printing  Transactions,  volume  36,  nos.  1,  2,  and  3  543.74 

Plates  for  Transactions,  volume  35,  no.  4  29.64 

Plates  for  Transactions,  volume  36,  nos.  1,  2,  3,  4  7&35 

Postage  and  Express 75.42 

Office  expenses — 

Secretary  73.37 

Treasurer   32.26 

In  part  payment  of  Secretary's  expenses  to  Pittsburg  meeting 50.00 

Binding  set  of  Transactions  for  sale 20.00 

Miscellaneous  items  16.02 

Balance  on  hand 770.57 


$1947.65 
Respectfully  submitted, 

H.  J.  Van  Cleave,  Treasurer. 
Feby.  15.  1918. 

We  hereby  certify  this  statement  corresponds  with  the  Treasurer's  book. 

V.  A,  Latham, 
George  Edward  Fell, 
Auditing  Committee. 
Feb.  12th,  19ia 

I  hereby  certify  that  I  have  examined  the  vouchers  and  accounts  of 
H.  J.  Van  Cleave,  Treasurer  American  Microscopical  Society,  for  the  period 
ending  Dec.  21,  1917,  and  I  find  the  balance  of  $770.57  as  shown  on  the  books 
to  be  correct. 

F.  S.  Johnson,  Public  Accountant 
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Attention  of  members  of  the 

AMERICAN  MICROSCOPICAL  SOCIETY 

is  called  to  the  annotmceinent  of  Grants 

from  the  Spencer-Tolles  Research  Fund. 

(Set  TRANSACTIONS.  July,  1913) 

These  awards  are  to  stimulate  and  aid  research  in 

Microscopic  work 

I.    The  Grantee  must  be  a  member  of  the  Society. 

Z    Resulting  discoveries  must  first  be  offered  for  publicatioB  in  the 

Society  Transactions. 
3.    Application  should  be  made  to  Dr.  Henry  B.  Ward,  Chm., 
Urbana,  IlL 


NOTICE  TO  MEMBERS 

It  is  a  source  of  regret  to  the  Editor  that  the  Transactions  can- 
not be  issued  as  dated.  The  issue  is  dependent,  however,  upon  the 
income  of  material  from  the  members,  and  must  await  upon  a  certain 
degree  of  balance  in  the  material  as  well  as  quantity  of  material. 

The  Secretary  will  consider  it  a  favor  if  members  will  notify 
him  of  non-receipt  of  ntmibers  of  the  Transactions,  and  of  changes 
of  address. 

Correspondence  relative  to  membership,  publication,  exchanges, 
advertising,  etc.,  should  be  addressed  to  the  Secretary- Editor. 

T.  W.  Galloway, 

Secretary-Editor. 

Beloit,  Wisconsin, 
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THREE  ISfEW  SPECIES    OF   AMEBAS:   AMOEBA    BIGEMMA 

NOV.  SPEC,  PELOMYXA  LENTISSIMA  NOV.  SPEC. 

AND  P.  SCHIEDTI  NOV.  SPEC. 

Asa.  a.  Schaetter 

The  classification  of  the  amebas^  is  peculiar  in  that  two  methods  of 
species  determination  are  followed.  The  larger  amebas  are  classified 
according  to  the  characteristics  possessed  by  the  cytoplasm  and  the 
general  character  of  the  v^etative  stage,  while  the  smaller  amebas 
are  being  described  according  to  the  method  of  nuclear  division  pre- 
vailing diuing  reproduction.  In  the  larger  amebas  a  study  of  nuclear 
division  is  extremely  difficult  and  for  many  species  impossible,  owing 
for  one  thing  to  our  ignorance  of  culture  methods  by  means  of  which 
these  species  could  be  raised  in  abimdance.  On  the  other  hand  the  small 
amebas  exhibit  so  little  cytoplasmic  differentiation  that  specific  deter- 
minations on  this  basis  seem  impossible. 

A  specific  determination  is  interesting,  however,  from  at  least  two 
points  of  view.  One  is  the  viewpoint  of  establishing  blood  relationships 
of  descent  between  the  different  species,  or  systematics  proper.  The 
other  point  of  view  is  a  pinrely  practical  one,  i.e.,  quick  identification. 
The  physiologist  or  the  experimentalist  wants  a  quick  and  correct  method 
for  identifying  the  organism  he  is  working  with.  It  is  obvious  therefore 
that  if  an  ameba  possesses  characteristic  c3rtoplasmic  differentiations 
^hich  may  be  observed  at  any  time,  the  ameba  will  come  to  be  recognized 
by  these  characteristics  rather  than  by  a  complicated  series  of  nuclear 
events  which  occur  only  occasionally  and  are  frequently  made  out  only 
with  difficulty.    In  short,  as  a  means  of  identification,  cytoplasmic  char- 

^  The  word  ameba  is  used  as  a  common  name  for  naked  rhizopods  lacking  internal 
skeletons  such  as  Amoeba,  Pdomyxa,  Protamoeha,  Endamoebay  NUgleria,  Hyalodiscus, 
Dinamoeba,  VMkampfia,  etc. 
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axrters  are  preferable  where  they  exist;  where  these  do  not  exist,  recourse 
may  be  had  to  the  nuclear  division  process. 

All  the  larger  amebas  possess  cytoplasmic  diflferentiations  in  suflScient 
number  and  conspicuousness  to  serve  as  a  ready  means  of  recognition. 
Many  of  these  characters  are  subject  to  very  slight  variation  as  a  result 
of  changes  in  the  environment.  Individual  isolation  pedigrees  carried 
on  for  upwards  of  a  hundred  linear  generations  together  with  many 
collateral  lines  under  varying  food  conditions,  showed  that  most  of  the 
cytoplasmic  characters  are  hereditary  and  practically  uninfluenced  by 
what  might  be  said  to  be  the  most  common  environmental  changes 
(Schaeffer,  Science,  1916,  p.  468).  Amebas  are  therefore  in  this  respect 
like  all  other  groups  of  animals  and  the  method  of  classifying  them  ac- 
cording to  cjrtoplasmic  differentiations  is  therefore  sound. 

These  considerations  should  convince  especially  our  younger  micro- 
scopists  that  the  investigation  of  our  larger  amebas  is  not  nearly  as  diffi- 
cult or  forbidding  a  field  as  might  be  imagined  from  the  great  amount 
of  labor  that  has  been  expended  on  the  study  of  the  Ufe  histories  and 
nuclear  phenomena  of  some  soil  and  parasitic  amebas  during  the  past 
decade.  The  fifty  or  so  species  of  aquatic  amebas  thus  far  described 
represent  beyond  any  question  only  a  very  small  fraction  of  the  number 
of  species  in  existence,  and  this  number  of  known  species  could  probably 
be  doubled  within  a  few  years  by  careful  examination  of  our  marshes 
and  ponds. 

Amoeba  bigehma  nov.  spec. 

Diagnosis.  Size  in  locomotion,  100  to  300  microns  long.  Form  very  changeable. 
Pseudopods,  nvunerotis,  ta()ering,  blimt,  never  with  sharp  points.  Surface  smooth, 
no  fine  folds  or  ridges.  Endoplasm  usually  containing  numerotis  small  twin  crystals; 
crystals  attached  to  'excretion  spheres.'  Movement  rapid,  about  125  microns  per 
minute.  Nucleus  single,  spherical  or  slightly  ovoid,  about  12  microns  in  diameter; 
chromatin  in  small  masses  clumped  loosely  together  in  the  center  of  the  nucleus  in  a 
nearly  spherical  mass  about  6.5  microns  in  diameter.  Contractile  vacuoles  small 
about  15  microns  in  diameter;  numerous;  no  coalescence  among  them;  systole  slow. 
Endoplasm  filled  with  small  vacuoles.  Food:  flagellates,  ciliates,  diatoms,  rhizopods, 
nematodes,  vegetal  tissue,  etc. 

This  ameba,  for  which  the  specific  name  higemma  is  proposed,  re- 
sembles to  some  extent  the  figures  and  descriptions  of  Parona's  digUoia, 
Mereschkowsky's  angidaia^  Gruber's  spumosa  and  Penard's  vespertUic, 
In  fact  I  regarded  it  at  first  as  the  angulata  of  Mereschkowsky  or  the 
vespertilio  of  Penard,  which  it  occurred  to  me  might  possibly  be  synony- 
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mous.  But  after  further  study  of  the  characters  of  this  ameba  I  began 
to  suspect  that  my  earlier  conclusions  regarding  its  specific  reference 
might  be  mistaken,  I  accordingly  investigated  the  specific  characters 
of  this  ameba  in  connection  with  some  experimental  work,  under  widely 
varjdng  conditions  for  about  three  years,  and  compared  my  observations 
with  the  published  reports  of  earlier  investigators  of  amebas  with  the 
result  that  I  am  unable  to  confirm  the  specific  descriptions  by  any  of  the 
authors  named  from  this  ameba. 

In  the  first  place,  Mereschkowsky's  (79)  description  is  extremely  vague 
(pp.  203-204)  Mereschkowsky  says  the  plasm  of  angulata  is  trans- 
parent, that  it  contains  two  kinds  of  grains:  a  few  large  ones  and  numer- 
ous small  ones.  About  three  contractile  vacuoles  and  a  small  round 
nucleus  are  present.  Few,  "am  ende  zugespitzten  (doch  nicht  wie  bei 
A.  filifera  mit  welcher  A,  angulata  viel  Aehnlichkeit  hat)  und  die  gestalt 
dicker,  breiter  Kegel  habenden,  vomK5rper  ausgehenden  Pseudopodien 
characteristisch.  diam.  0.0235."  Movements  very  rapid.  The  figure 
illustrating  this  description  is  very  crude.  With  the  exception  of  size, 
this  description  as  far  as  it  goes  might  apply  to  a  number  of  species  of 
amebas.  The  size,  23.5  microns,  is  very  much  smaller  than  that  of 
bigemma. 

Parona's  description  of  A,  digUata  (1883.  Essai  d'une  Protistologie 
de  la  Sardaigne.  Arch,  des  Science  physiques  et  naturelles.  T.  10.  Troi- 
sifeme  periode.  p.  225-243.  1  plate)  is  somewhat  more  definite  than  Mer- 
eschkowsky's of  angulaia,  A .  digUaia  possesses  a  very  granular  endo- 
plasm,  a  rounded  and  conspicuous  nucleus,  a  large  contractile  vacuole, 
"pseudopods  longs,  conique  et  aigus,"  pseudopods  always  in  small  num- 
ber. Movement  is  rather  slow.  Size,  63  microns  (p.  228).  The  only 
three  characters  which  may  be  considered  distinctive  are  the  size,  the 
conical  and  pointed  (the  figure  shows  needle  points)  pseudopods,  and 
the  number  of  contractile  vacuoles.  None  of  these  characters  however 
are  found  in  bigemma,  Parona  makes  no  mention  of  vacuoles  in  the 
endoplasm,  which,  if  he  had  seen  a  bigemma,  he  could  not  have  helped 
seeing,  since  these  vacuoles  are  quite  as  conspicuous  as  the  nucleus. 
There  can  be  little  question,  I  think,  that  Parona  described  another 
ameba  than  bigemma  under  the  name  digUata, 

Leidy(79)  figures  several  amebas  resembling  bigemma,  vespertUio 
and  digikUa  more  or  less  closely,  but  he  regarded  them  all  as  varieties 
of  proteuSy  or  as  forms  of  uncertain  specific  reference. 


Digitized  by  VjOOQIC 


82  A.  A.  SCHAEFFES 

In  his  description  of  A.  sfmmosa  Gniber  is  no  more  explicit  than 
Mereschkowsky  in  the  instance  mentioned.  Sfmmosa  has  broad  flat 
pseudopods,  a  vesicular  nucleus,  an  endoplasm  filled  with  vacuoles,  no 
granules,  a  size  of  25  microns,  according  to  Gruber.  As  onended  by 
Penard  ('02)  spumosa  possesses  these  characteristics:  A  length  of  from 
fifty  to  one  hundred  and  twenty-five  microns;  form  resembling  the  foot 
of  a  goose,  with  very  fine  longitudinal  lines  on  the  surface;  numerous 
vacuoles;  contractile  vacuole  as  much  as  thirty  microns  in  diameter; 
a  great  many  bicuspid  granules  of  very  small  size  in  the  endoplasm; 
nucleus  deformable  like  that  of  A.  Umax;  a  con^>act  nucleolus  with  a 
narrow  margin  of  nuclear  sap  between  it  and  the  nuclear  membrane. 
Althought  I  am  inclined  to  accept  the  emendation  of  Penard  because  of 
its  making  for  greater  definiteness  and  stabiHty  in  this  difficult  genus, 
yet  it  appears  to  me  that  instead  of  really  emending  or  elaborating 
Gruber's  description,  he  actually  describes  a  new  and  different  species. 
It  is  evident  that  another  ameba  than  bigemma  was  imder  observation 
by  both  Gruber  and  Penard  when  these  authors  wrote  their  descriptions 
of  A .  spumosa. 

Penard's  description  of  A.  verspertilio  (1902,  Faime  Rhizopodique  du 
bassin  du  Leman.  Geneva,  pp.  714)  is  as  follows:  size,  about  seventy 
microns  length;  pseudopods  have  alwa)rs  a  conical  form,  their  extremities 
being  usually  sharp  pointed  although  the  point  may  be  slightly  rounded 
occasionally  for  a  moment*;  posterior  end  sticky,  dragging  debris  along 
as  it  moves  forward;  a  profusion  of  extremely  small  green  grains,  and 
sometimes  large  excretion  grains,  in  the  endoplasm;  a  sperical  nucleus 
with  a  compact  nucleolus  which  is  often  covered  with  fine  points;  con- 
tractile vesicles  one,  two  or  three;  almost  always  a  considerable  number 
of  vacuoles  appearing  and  disappearing  as  if  they  were  contractile  in 
the  endoplasm  (pp.  92-95).  Penard's  figxires  (p.  94)  resemble  in  a 
general  way  the  figures  of  bigemma,  but  in  the  important  points  such  as 
the  number  and  character  of  vacuoles,  the  shape  of  the  pseudopod 
extremities,  the  relative  diameters  of  the  nuclear  membrane  and  the 
nucleus,  the  character  of  the  "nucleolus,"  stickiness  of  the  posterior 
end,  inclusions,  etc.,  there  is  little  resemblance  between  vesperlUio 
and  bigemma. 

* .  .  .  les  pseudopodes  ont  tou jours  une  forme  conique,  anguleuse;  leur  extermite 
est  en  principe  ac^r^e;  mais  parfois  la  pointe  peut  s'arrondir  pour  un  instant  (p.  93). 
His  figures  all  show  sharp  needle  points  on  the  extremities  of  the  pseudopods. 
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The  Amoeba  bigemma  is  of  medium  size,  being  usually  from  100  to  300 
microns  long  in  locomotion.  Occasionally  the  size  is  very  much  greater. 
In  several  old  cultures  the  amebas  frequently  arrived  at  a  length  of  500 
microns  in  locomotion.  As  a  rule,  the  average  size  in  new  cultures  is 
about  150  microns. 


S>^<? 


Fig.  1.  Camera  ludda  drawing  of  an  i4.  bigemma  in  locomotion  during  the  process 
of  fission.  The  figures  indicate  the  time  in  hours  and  minutes.  The  drawings  from 
10:37  J^  on  were  moved  up  from  their  true  position  the  length  of  the  vertical  line  below; 
likewise  for  all  drawings  from  10:36  on.  Note  slowing  down  in  the  rate  of  locomotion 
as  the  fission  crisis  was  approached,  and  the  gradual  increase  of  speed  after  division. 


Although  the  general  shape  of  this  ameba  is  subject  to  very  great 
variation,  yet  the  various  transformations  are  very  characteristic.  Per- 
haps the  most  characteristic  feature  of  these  transformations  is  the 
tongue  like  pseudopods,  usually  short,  sometimes  very  long,  which  are 
continually  being  thrown  out  at  the  anterior  end  and  on  the  free  surface 
during  locomotion  (PI.  VII,  fig.  2) .  These  projections  are  frequently  more 
or  less  conical,  though  more  often  perhaps  they  have  somewhat  the  shape 
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of  a  hart's  tongue  in  outline.  These  projections  are  not  pseudopods  in 
the  same  sense  that  the  projections  in  dubia  or  in  proteus  are  pseudopods. 
In  the  latter  species  a  pseudopod  gives  direction  to  locomotion,  that  is, 
the  whole  ameba  frequently  flows  into  a  pseudopod.  In  bigemmay  how- 
ever, the  whole  ameba  almost  never,  if  at  all,  flows  into  a  pseudopod; 
but  the  tips  of  the  pseudopods  advance  at  about  the  same  rate  of  ^>eed 
as  the  anterior  end  of  the  ameba  as  a  whole  advances.  The  [>seudopods 
are,  therefore,  to  be  regarded  rather  as  "toes"  on  the  single  pseudopod 
of  which  this  ameba  usually  consists.  During  active  locomotion  the 
general  shape  of  the  body  is  most  frequently  triangular,  with  the  broad 
base  advancing,  and  more  or  less  compressed.  When  the  animal  is  dis- 
turbed it  assiunes  a  spherical  shape.  When  suspended  in  the  water  fcff 
some  time  the  ameba  assumes  a  shape  closely  resembling  that  of  tl^ 
rayed  state  of  a  radiosa.  From  a  central  spherical  mass  of  about  thirty 
or  forty  microns  diameter,  long,  slender,  tapering  pseudopods  are  thrown 
out  which  are  of  a  much  more  permanent  character  than  the  pseudopods 
thrown  out  during  locomotion.  These  projections  are  sometimes  per- 
fectly straight  and  of  equal  size  and  disposed  opposite  to  each  other  on 
the  spherical  mass.  More  often  however  they  are  curved  and  of  irregu- 
lar shape  and  size.  Their  niunber  is  usually  from  six  to  eight.  All  the 
pseudopods  formed  during  locomotion  or  while  suspended  are  blunt, 
very  definitely  blunt.  Of  all  the  thousands  of  individuals  which  I  have 
examined  in  all  the  diflFerent  stages  and  cultural  conditions,  I  have  nevw 
seen  any  but  definitely  obtuse  pseudopods.  The  photographs  of  live 
amebas,  figs.  4  and  5  indicate  the  degree  of  obtuseness  characteristic  of 
the  pseudopods  of  this  species  (PL  VII). 

The  streaming  of  protoplasm  during  locomotion  presents  some  points 
of  interest.  One  does  not  observe  the  endoplasm  flowing  slowly  in  a 
definite  direction  in  this  species  as  one  may  in  proteus  or  dulna,  for 
example,  but  the  streaming  is  jerky  and  irregular.  The  endoplasm 
seems  to  drain  from  the  sides  and  posterior  end  toward  the  anterior  exxd 
against  numerous  obstructions  which  often  give  way.  Thus  there  are 
developed  momentary  counter  or  cross  currents  and  eddies.  The  peculiar 
character  of  the  streaming  is  due  to  several  causes.  In  the  first  place 
the  numerous  pseudopods  are  formed  and  retracted  without  definite 
reference  to  the  direction  of  locomotion.  Then  again  the  ui^)er  surface 
of  the  ameba  is  not  level  but  extremely  irregular;  one  observes  a  om- 
fusion  of  high  ridges  and  deep  depressions  thrown  together  without 
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observable  order.  From  the  depressions  more  or  less  permanent  pillars 
of  stiffened  ectoplasm  pass  down  to  the  lower  surface  obstructing  the 
flow  of  endoplasm.  When  these  pillars  give  way,  as  they  frequently 
do,  the  bottom  of  the  depression  is  suddenly  pushed  upward  as  if  the 
endoplasm  were  imder  considerable  internal  pressure.  Another  cause 
of  the  irregularity  of  endoplasmic  streaming  is  due  to  the  fact  that  the 
anterior  end  does  not  advance  steadily  over  the  whole  front,  but  by  a 
series  of  waves  here  and  there.  Such  a  wave  consists  usually  of  a  web 
of  ectoplasm  flowing  out  between  and  connecting  two  or  more  of  the 
pseudopods;  then  the  web  halts  momentarily  while  the  pseudopods  push 
out  again  or  while  new  pseudopods  form. 

The  rear  end  of  the  ameba  usually  plays  Uttle  part  in  locomotion  in 
a  special  way;  usually  the  rear  end  is  smooth  and  free  from  any  pseudo- 
podial  projections.  Occasionally,  however,  a  long  thin  flat  pseudopod 
may  be  rapidly  thrown  out  near  the  posterior  end  which  fastens  itself 
to  the  substratum  so  well  that  considerable  force  is  required  to  dislodge 
it  (fig.  2).  The  ameba  sometimes  becomes  stretched  out  to  several  times 
its  usual  length  before  the  pseudopod  is  pulled  loose.  This  behavior 
also  results  often  in  another  phase  of  movement  that  I  have  much  more 
frequently  observed  in  this  ameba  than  in  any  other,  viz.,  some  of  the 
endoplasm  begins  to  flow  toward  the  posterior  end  imtil  the  ameba  is 
cut  almost  in  two  in  the  middle.  The  connection  is  so  thin  that  one 
looks  every  second  for  the  connecting  strand  to  break,  but  it  does  not 
break.  Sooner  or  later  one  or  the  other  portion  of  the  endoplasm  flows 
back  and  the  whole  mass  again  becomes  unified  in  streaming. 

The  rate  of  movement  is  rapid,  being  about  125  microns  a  minute. 
Although  the  anterior  end  advances  very  unevenly  and  irregularly,  there 
are,  nevertheless,  long  segments  in  the  path  of  an  ameba  moving  on  a 
plane  surface  that  are  straight.  There  is  present  in  this  ameba,  there- 
fore, the  same  tendency  to  keep  on  moving  in  the  direction  in  which  it 
started  to  move  as  there  is  in  proteus  (Schaeffer,  '12,  '18;  this  point  will 
also  be  discussed  at  length  in  a  paper  soon  to  be  published). 

There  is  present  in  this  ameba  a  layer  of  very  thin  protoplasm  on 
the  outside  of  the  ectoplasm,  as  usually  defined,  which  moves  forward 
over  the  ameba  in  the  same  direction  as  that  in  which  the  ameba  moves, 
but  at  a  more  rapid  rate.  This  is  clearly  shown  by  the  forward  move- 
ment over  the  ameba  of  small  particles  which  cling  to  this  layer  of  pro- 
toplasm (Schaeffer,  '17). 
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During  locomotion  there  is  usually  a  broad  zone  of  clear  ectoplasm 
at  the  anterior  end.  Not  only  are  the  smaller  pseudopods  in  this  reffim 
free  from  granules  but  the  intervening  spaces  also  consist  of  ectoplasm. 

The  nucleus  is  easily  seen.  Unless  obscured  by  food  masses  photo- 
micrographs of  the  living  amebas  usually  show  it  (fig.  4.).  It  is  spherical 
or  very  slightly  ovoid  (fig.  3).  In  an  ameba  of  about  200  microns  length 
the  nucleus  is  about  twelve  microns  in  diameter.  The  chromatin  con- 
sists of  very  small  ovoid  granules  collected  together  in  the  centre  of 
the  nucleus  in  a  slightly  irregular  oval  mass  of  about  six  or  seven  miaons 
diameter.  The  color  of  the  chromatin  is  a  pale  bluish  yellow  green. 
Between  the  chromatin  mass  and  the  nuclear  membrane,  which  is  per- 
fectly transparent,  there  is  a  zone  of  clear  nuclear  sap.  The  nucleus  is 
single,  though  occasionally  an  ameba  is  found  with  two  nuclei,  which 
statement  is  true  of  course  for  practically  all  amebas.  The  nucleus  is 
def ormable  though  it  is  not  often  that  one  observes  striking  deformations 
as  it  is  swept  along  by  the  endoplasm. 

In  one  culture  of  large  amebas  of  this  species  the  nuclei  were  about 
twenty-eight  microns  in  diameter,  and  the  chromatin  mass  of  irregularly 
spherical  shape  was  about  fourteen  microns  in  diameter.  When  these 
amebas  were  slightly  squeezed  under  the  cover  glass  one  or  two  masses 
of  mostly  perfectly  homogeneous  pale  bluish  yellow  green  material  was 
pressed  out  from  the  chromatin  mass.  There  were  present  here  and  there 
large  spheres  of  denser  material  of  the  same  color  as  the  homogeneous 
masses.  Both  the  granular  mass  and  the  homogeneous  masses  rounded 
themselves  up  and  collected  near  the  centre  of  the  nucleus.  The  material 
making  up  the  masses  seemed  to  be  of  the  same  sort,  though  I  did  not 
employ  staining  methods  to  determine  whether  the  interior  of  the  gran- 
ular chromatin  mass  was  really  chromatin  or  some  other  substance. 
It  is,  however,  interesting  to  know  that  at  least  some  of  the  material 
inside  the  chromatin  mass  is  not  granular  while  the  outside  material 
is. 

There  seem  to  be  three  kinds  of  vacuoles  in  this  ameba  in  so  far  as 
their  functions  are  concerned.  The  endoplasm  contains  scattered  about 
in  it  everywhere  numerous  (100  or  more)  small  clear  vacuoles  of  various 
sizes,  mostly  under  ten  microns  in  diameter,  which  may  be  called  per- 
manerU  vacuoles.  What  the  function  of  these  vacuoles  is,  or  what  con- 
ditions are  necessary  to  their  origin,  remains  imknown.  That  all  of 
these  may  become  contractile  is  hardly  possible,  imless  they  retain  their 
identity  in  the  ameba's  body  for  many  hours. 


Digitized  by  VjOOQIC 


THREE  NEW  SPECIES  OF  AMEBAS  87 

The  second  kind  of  vacuoles  are  the  coniracHle  vacuoles.  These  have 
the  same  general  appearance  as  the  permanent  vacuoles,  excepting  that 
they  are  more  refractive  to  light.  These  vacuoles  arrive  at  a  disuneter 
of  about  fifteen  microns  before  they  contract  It  is  very  seldom  that 
a  larger  size  is  attained.  The  diastole  of  these  vacuoles  is  rather  slow. 
The  systole  is  also  very  slow,  occupying  from  two  to  six  seconds.  There 
are  a  nimiber  of  contractile  vacuoles  present  at  one  time.  Under  favor- 
able conditions  as  many  as  four  may  be  observed  to  be  in  the  process 
of  diastole  at  one  time.  The  general  app>earance  of  the  later  stages  of 
a  contractile  vacuole,  that  is,  higher  refractive  index  of  its  contents, 
possibly  indicates  that  these  vacuoles  are  different  from  the  permanent 
vacuoles  from  their  beginning. 

The  third  kind  of  vacuole,  which  may  be  called  the  fecal  vacuoles, 
are  not  frequently  met  with  in  amebas.  These  are  large  spherical  vacu- 
oles containing  in  proportion  to  their  size  a  very  small  amoimt  of  fecal 
matter.  These  may  reach  a  diameter  of  twenty  or  twenty-five  microns 
and  in  occasional  large  specimens  a  diameter  of  from  forty  to  sixty 
microns.  I  have  not  been  able  to  ascertain  whether  the  vacuole  ori- 
ginates around  the  fecal  matter  or  whether  after  the  vacuole  is  partly 
formed  the  fecal  matter  is  voided  into  iL  Since  however,  the  vacuole 
usually  becomes  very  large,  it  is  evident  that  the  later  stages  of  the 
increase  in  size  is  due  to  the  contained  soUd  matter.  The  systole  of  these 
vacuoles  is  very  slow.  The  Uquid  contents  is  first  expelled  and  then 
after  a  pause  the  soUd  matter  is  thrown  out  in  the  way  common  to  amebas 
generally. 

None  of  these  different  kinds  of  vacuoles  seem  to  grow  by  coales- 
cence; at  least  from  extended  observation  with  this  point  in  view  I  have 
never  seen  a  single  case  of  coalescence,  although  vacuoles  frequently 
remain  in  dose  contact  for  a  minute  or  longer. 

Another  very  interesting  element  in  the  endoplasm  is  the  crystals. 
These  are  usually  very  numerous  and  conspicuous,  ranging  in  size  from 
one  and  one-half  to  two  and  one-half  microns  in  length.  The  general 
shape  is  like  that  of  an  hour  glass  or  dumb-bell.  They  seem  to  be  formed 
of  two  bicuspid  crystals  attached  to  each  other  by  their  apices  (figs. 
2,  3).  Under  ordinary  light  they  appear  dark  gray  in  color;  but  in  po- 
larized light  they  show  up  very  brightly,  and  then  their  twin  structure 
becomes  very  evident  This  is  the  only  ameba  known  in  which  such 
a  twin  structure  of  crystal  formation  is  found.    The  polariscope  shows  an 
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unmistakable  twin  structure,  however,  in  only  about  half  the  cultures 
I  have  so  far  investigated.  In  the  others  the  two  points  of  light  aie 
joined  by  a  bar  of  light  so  that  one  sees  a  band  of  Ught  not  constricted 
in  the  middle.  It  may  be  inferred,  however,  that  in  these  cultures  the 
earUer  stages  of  crystal  formation  are  also  on  the  twin  pattern.  It  has 
been  found  that  the  character  as  well  as  the  amount  of  food  influences 
the  size  and  to  some  extent  the  character  of  the  aystals  formed.  Per- 
haps the  most  striking  thing  about  the  crystals  in  this  ameba  is  the  fact 
that  they  are  always  attached  to  the  so-called  excretion  spheres  when 
these  are  present,  as  they  nearly  always  are  (fig.  3).  There  is  never 
but  one  crystal  attached  to  a  sphere.  The  size  of  the  sphere  bears  no 
relation  to  the  size  of  the  aystal,  the  spheres  being  in  some  cases  just 
barely  visible,  while  the  crystals  may  be  two  microns  long.  When  the 
the  spheres  are  small  the  crystals  are  always  attached  to  them  at  their 
middle.  The  sphere  and  crystal  bear  a  remarkable  resemblance  to  a 
fish  embryo  lying  on  its  egg  yolk,  and  they  form  interesting  objects 
for  observation  as  they  timible  along  in  the  streaming  endoplasm. »  Occa- 
sional twin  crystals  are  observed  apparently  free  from  attachment  to 
spheres,  but  it  is  possible  that  the  spheres  are  extremely  minute  in  such 
cases,  too  small  to  be  seen.  The  excretion  spheres  rarely  exceed  a  dia- 
meter of  three  microns.  In  some  cultures  a  few  bicuspid  crystals  with 
irregular  sides  are  observed  occurring  singly.  The  maximum  size  of 
these  is  about  two  and  one-half  microns.  Occasionally  also  two  twin 
crystals  are  found  crossed,  (fig.  3).  Altogether,  the  crystals  form  the 
most  definite  specific  character  of  this  ameba,  and  the  presence  of  such 
crystals  attached  to  spheres  in  an  ameba  may  be  regarded  as  definitely 
proving  its  specific  identity. 

This  species  is  a  voracious  feeder.  Flagellates,  shelled  rhizopods 
ciliates,  rotifers,  nematodes,  diatoms,  etc.,  and  especially  bits  of  vegetal 
tissues  and  masses  of  bacteria,  are  readily  devoured.  The  body  is  fre- 
quently stuflFed  with  food. 

This  ameba  is  one  of  the  hardiest  known  to  me.  I  have  kept  numer- 
ous and  continuous  cultures,  after  being  well  established,  for  several 
years  without  much  difficulty.  The  species  is  subject  to  very  Uttle 
variation  excepting  size.  In  nature  this  species  must  be  considered 
rare,  though  it  is  found  frequently  where  large  masses  of  vegetation  are 
undergoing  decay  in  quiet  water. 
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PeLOMYXA  LENTISSIMA  NOV.  SPEC. 

Diagnosis.  Length  in  locomotion,  75  to  125  microns.  Body  usually  very  much 
compressed  and  applied  closely  to  substratum.  Changeable  in  shs^,  general  out- 
line oval  with  few  pseudopods.  Quiescent  stage  with  nimierous  pseudopods  of  various 
shapes.  Color  of  body  brownish;  of  protoplasm,  pale  bluish.  Uroid  of  fine  or  large 
root  like  projections.  Rate  of  movement  very  slow,  from  1  to  2  microns  per  minute. 
Nucleus  spherical,  about  14  microns  in  diameter.  Chromatin  in  a  spherical  layer  of 
granules  about  11  microns  in  diameter,  with  spherical  body  about  2.5  microns  in  the 
centre  of  the  nucleus.  Two  nuclei  frequently  present.  Contractile  vacuoles  mmierous, 
40  or  more ;  maximum  size  about  10  microns ;  systole  sudden ;  diastole  very  slow.  Nimi- 
erous or  few  small  irregular  crystalline  masses  present.  Numerous  bacterial  rods  of 
about  4  microns  length  present.    Only  very  few  refractive  (starch)  bodies  present. 

This  pelomyxa  is  readily  recognized  by  its  small  size  and  its  very 
slow  rate  of  locomotion  (PI.  VIII,  fig.  6).  It  is,  in  fact,  much  the  slowest 
moving  pelomyxa  thus  far  reported,  and  I,  therefore,  propose  the  specific 
name  of  lentissima  for  this  species. 

I  have  found  this  organism  in  large  numbers  in  old  cultiures  from  the 
marshes  of  Lonsdale  on  several  occasions.  But  on  account  of  its  small 
size  and  its  habit  of  flattening  itself  out  on  and  sticking  close  to  the  sur- 
face on  which  it  moves,  it  more  readily  escapes  detection  than  other 
amebas  of  the  same  size.  The  color  of  this  species  is  a  dull  brownish, 
somewhat  like  that  of  P,  belevskiiy  but  not  so  deep  a  shade,  owing  to  its 
smaller  size.  This  color  is,  of  course,  due  to  the  contained  food  materials 
and  the  indigestible  remains  of  food  objects.  It  seems  to  be  a  habit  of 
this  and  other  pelomyxas  to  carry  for  a  long  time  indigestible  materials 
from  food  objects  before  excreting  them,  if  indeed  some  of  this  material 
is  ever  excreted  while  the  animal  is  in  the  vegetative  stage.  The  color 
of  the  protoplasm  is  of  a  bluish  violet  tint. 

This  pelomyxa  as  distinguished  from  the  other  species,  flattens  itself 
out  and  sticks  very  close  to  the  surface  during  locomotion.  At  such  a 
time  it  is  thickest  in  the  centre  and  gradually  becomes  thinner  as  the 
periphery  is  approached.  Around  the  entire  animal  there  is  a  clear  zone 
of  protoplasm  which  is  hyaline  and  very  thin  and  of  which  the  exact 
outer  limit  is  very  difficult  to  see.  Pseudopods  are  continually  being 
extended  and  retracted  from  the  entire  periphery  of  the  animal  except 
from  the  posterior  end.  These  pseudopods  are  of  clear  protoplasm  except 
for  a  small  number  of  very  pale  bluish  granules  which  are  frequently 
found  at  their  bases.  The  pseudopods  are  broad  or  narrow  and  always 
blunt.    They  do  not  usually  determine 'the  direction  of  locomotion. 
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The  posterior  end  terminates  in  a  iiroid  or  group  of  root-like  pseudopodial 
projections  attaching  the  organism  to  the  substrate  (fig.  6).  They  play 
a  part  in  locomotion  but  just  what  their  function  is  has  not  been  carefully 
determined.  It  is  certain,  however,  that  the  uroid  is  not  necessary  to 
locomotion  to  the  same  extent  as  in  P.  sckiedti. 

Locomotion  in  this  form  is  so  extremely  slow  that  it  is  difficult  to 
tell  just  how  it  is  accomplished.  Movement  occurs  at  the  rate  of  fnHn 
one  to  two  microns  a  minute,  so  that  it  takes  from  30  minutes  to  an  hour 
and  a  half  to  move  the  distance  of  its  own  length,  or  three  and  one-half 
months  to  creep  around  a  baseball  There  is  a  slight  but  continual  and 
irregular  movement  of  the  endoplasm  of  an  oscillatory  sort,  which, 
together  with  slight  changes  of  body  shape  and  the  retraction  and  pro- 
jection of  pseudopods,  masks  the  definite  forward  movement  of  the 
pelomyxa.  Figure  9  shows  that  this  movement  undoubtedly  exists. 
But  imder  ordinary  circumstances  it  is  impossible  to  detect  definite 
and  continuous  forward  streaming  of  the  endoplasm.  It  seems  as  if 
forward  movement  was  the  sum  of  all  the  separate  local  streamings. 


Fig.  9.  Camera  ludda  sketch  of  a  moving  P.  letUissifna  to  show  rate  of,  and  tonn 
changes  during,  locomotion. 


When  suspended  in  the  water  or  when  loosened  from  the  substratum 
this  ameba  is  remarkable  for  the  niunber  of  pseudopods  which  it  throws 
out  from  all  sides  (fig.  7).  This  habit  may  indeed  be  regarded  as  a 
distinguishing  characteristic  of  this  spedes  while  in  this  stage.  The 
pseudopods  are  usually  more  or  less  conical  in  shape  though  they  always 
have  blunt  ends.    The  majority  are  of  simple  form,  others  are  branched. 
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while  some  are  of  very  odd  shapes.  Their  length  is  variable,  the  maxi- 
mum being  about  50  microns.  As  might  be  expected  from  their  rate  of 
locomotion,  the  transition  from  a  spherical  shape  in  the  suspended  stage 
to  the  locomotive  stage  consumes  much  time.  As  the  organism  again 
begins  to  move,  a  broad  wave  of  clear  ectoplasm  appears  at  some  point 
near  the  substrate.  The  wave  slowly  enlarges  as  the  pseudopods  are 
withdrawn,  and  gradually  the  locomotive  form  reappears. 

The  nucleus  of  this  species  presents  several  points  of  interest.  In  the 
first  place  there  are  usually  two.  In  perhaps  three  out  of  four  indivi- 
duals examined  two  nuclei  were  found.  In  no  case  did  I  see  more  than 
two.  It  seems  that  in  this  species  it  is  the  normal  condition  for  a  con- 
siderable interval  of  time  to  supervene  between  division  of  the  nucleus 
and  the  division  of  the  organism.  The  two  processes  do  not  seem  to  be 
directly  dependent  on  each  other.  In  the  case  of  most  other  amebas  cell 
division  must  closely  follow  nuclear  division,  or  else  in  the  majority 
of  cases  it  will  become  impossible  for  cell  division  to  take  place  and  the 
animal  in  consequence  dies  (Schaeffer,  '16).  So  that  what  is  normal 
in  division  sequences  for  Pelomyxa  lerUissima  is  pathologic  for  Amoeba 
proleuSj  for  example.  A  P.  letUissima  with  two  nuclei  may  be  looked 
upon  as  an  individual  whose  cytoplasm  has  not  yet  divided. 

Another  point  of  interest  with  regard  to  the  nucleus  of  this  species 
is  that  a  central  body  is  clearly  observable  in  the  Uving  condition.  The 
composition  of  this  body  has  not  been  investigated.  The  diameter  of 
this  body  is  from  two  to  two  and  one-half  microns.  Its  appearance  is 
similar  to  that  of  the  chromatin  granules. 

The  general  appearance  of  the  nucleus  is  somewhat  like  that  of  P, 
beUvskii.  It  is  spherical,  about  fourteen  microns  in  diameter,  and  con- 
tains a  spherical  layer  of  chromatin  granules  of  about  eleven  microns 
diameter.  Not  very  much  can  be  said  about  the  physical  character  of 
the  nuclear  membrane  owing  to  the  very  slight  movement  of  the  endo- 
plasm.  The  nuclei  are  usually  found  somewhere  near  the  centre  of  the 
animal. 

The  contractile  vacuoles  are  numerous.  In  one  individual  there 
were  at  least  sixty,  but  whether  all  were  contractile  or  not  could  not  be 
determined.  The  average  maximum  size  of  these  contractile  vacuoles  is 
about  ten  microns,  though  many  contract  when  only  five  microns  or  so 
in  diameter.  Occasionally  one  may  reach  fifteen  microns  before  con- 
traction.  Consonant  with  the  slow  rate  of  locomotion  is  that  of  enlarge- 
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ment  of  the  vacuoles.  A  vacuole  of  five  or  eight  microns  diameter  may 
take  fifteen  minutes  or  longer  to  enlarge  to  ten  microns,  followed  by 
contraction.  The  systole  is,  however,  relatively  rapid,  occurring  usually 
in  about  one  second. 

The  spectroscope  shows  some  very  irregular  small  crystalline  masses 
in  the  endoplasm  sometimes  numerous,  usually  comparatively  few.  Of 
"refractive  bodies"  (starch  grains)  there  are  only  a  few  small  ones 
present.  Other  inclusions  in  the  ectoplasm  are  the  bacterial  rods,  dis- 
tinctive of  the  genus,  reaching  a  length  usually  of  four  microns,  very 
rarely  of  eleven  microns;  and  the  very  numerous  brownish  masses  of  all 
sizes  and  shapes  so  conmion  in  several  species  of  pelomyxas.  In  addi- 
tion to  these  bodies  there  are  also  numerous  very  small  greenish  blue 
granules  foimd  in 'the  endoplasm. 

Besides  an  occasional  diatom  or  shelled  rhizopod,  I  have  found  no 
recognizable  food  bodies  in  this  species. 

PeLOMYXA  SCHIEDTl  NOV.  SPEC. 

Diagnosis.  Length  in  locomotion  about  75  microns.  Usual  shape  ovoidaL  Color, 
brownish  olive  green,  almost  opaque.  Pseudopods  very  rarely  formed.  Protoplasm 
fluid.  Movement  by  eruptive  waves  of  endoplasm  partiy  reflected  back  along  tiie 
sides.  Rate  of  movement  about  95  microns  per  minute.  Nucleus  sometimes  single, 
usually  double;  spherical,  about  7  microns  in  diameter.  Chromatin  granules  in 
the  form  of  a  hollow  sphere  inamediately  under  the  nuclear  membrane  or  at  a  slight 
distance  from  it.  Contractile  vacuoles  small,  numerous;  maximum  size  about  4 
microns ;  diastole  rapid;  systole  instantaneous.  Starch  grains  very  nimierous,  irregular 
in  Bhap>e,  olive  green  in  color,  maximum  size  about  6  microns.  Numerous  bacterial 
rods  present  of  3  to  4  microns  length.    Small  uroid  always  present  during  locomotion. 

This  species,  the  smallest  of  the  pelomyxas  has  been  foimd  on  several 
occasions  in  large  numbers  in  old  cultures  of  material  brought  from  the 
marshes  of  Lonsdale  (PL  VIII,  fig.  8) .  Because  of  its  dark  color  and  rapid 
rate  of  locomotion  it  at  once  attracts  attention.  Although  three  or  four 
of  my  cultures  were  very  rich  in  this  form,  it  must,  nevertheless,  be 
classed  as  a  rare  species.  The  environment  must  be  of  a  very  special 
kind  apparently  in  order  that  it  may  develop  in  numbers.  It  remained 
in  my  richest  culture  for  about  foiu*  weeks  from  the  time  it  was  first  dis- 
covered. I  propose  for  this  pelomyxa  the  specific  name  sckiedU  in 
honor  of  my  friend  Professor  R.  C.  Schiedt. 

Under  low  magnification  this  organism  appears  quite  black  excepting 
at  a  few  small  places  along  the  sides  where  the  color  is  temporarily  gray- 
ish owing  to  the  accidental  presence  of  but  few  of  the  starch  grains  so 
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abundant  in  this  ameba.  The  posterior  end  also  usually  is  light  gray. 
Under  high  powers  however,  the  color  is  of  a  dull  brownish  olive  green, 
due  to  the  brownish  endoplasmic  inclusions  and  the  numerous  starch 
grains.    The  protoplasm  is  bluish  green. 

This  species  passes  through  very  slight  transformations  in  shape 
during  locomotion  or  at  other  times  (fig.  10).  Its  general  shape  during 
locomotion  is  ovoidal  with  the  anterior  end  broad,  while  the  posterior 
end  is  narrow.  Never  at  any  time  does  the  organism  flatten  itself  out 
to  any  extent  on  the  substratum.  The  details  of  the  process  of  locomo- 
tion have  not  been  observed  carefully,  but  the  following  details  may  be 
mentioned.  Owing  partly  perhaps  to  the  fluid  nature  of  the  proto- 
plasm, no  pseudopods  are  formed  for  the  purpose  of  locomotion,  but 
broad  eruptive  waves  of  endoplasm  break  out  somewhere  near  the  anterior 
end  into  which  then  flows  a  part  of  the  animal's  endoplasm.  These 
waves  are  usually  partly  reflected  back  along  the  sides  of  the  animal, 
leaving  a  more  or  less  clear  space  at  the  farthest  point  reached  by  the 
reflected  wave.  Occasionally  for  a  short  period  the  pelomyxa  may  also 
advance  by  endoplasmic  streaming  as  is  commonly  observed  in  amebas 
generally,  but  the  larger  part  of  its  path  is  negotiated  by  eruptive  waves 
as  described. 

Another  important  factor  in  locomotion  is  the  uroid.  The  animal  is 
not  attached  to  the  substratum  anywhere  except  at  the  uroid.  This  is 
readily  observed  when  they  are  taken  up  with  a  capillary  pipette.  The 
anterior  part  of  the  body  is  readily  displaced  by  slight  currents  in  the 
water  but  the  posterior  end  is  not  affected  in  this  way.  It  seems  that 
the  thin  pseudopodium  like  projections  of  which  the  uroid  is  formed 
are  for  the  purpose  of  holding  the  organism  in  place  and  at  the  same 
time  allow  it  to  move  forward.  But  just  how  this  is  done  could  not 
readily  be  determined  owing  to  the  fact  that  these  uroidal  projections 
are  very  small  and  very  transparent.  It  has  been  possible  to  determine 
however,  that  the  projections  may  be  thrown  out  very  rapidly,  almost 
instantaneously,  so  that  it  is  possible  that  new  projections  are  continually 
being  formed  as  old  ones  are  being  retracted.  The  alternative  view  is 
that  the  uroidal  projections  are  dragged  along  over  the  substratum 
attaching  themselves  temporarily  and  locally  as  they  pass  over  the 
substratum.  But  whatever  maybe  the  exact  rWe  the  uroid  phys  in 
locomotion,  it  is  evident  that  the  organism  is  prevented  from  rolling  over 
by  reason  of  its  attachment  to  the  substratum. 


Digitized  by  VjOOQIC 


94  A.  A.  SCHAEFFER 

Although  there  is,  as  has  been  stated,  considerable  uncertainty  in 
the  direction  which  the  waves  of  endoplasm  take  at  the  anterior  end,  the 
path  of  the  organism  may  nevertheless,  because  of  the  activity  of  its 
prehensile  uroid,  be  straight  for  a  considerable  distance.  In  a  sense 
therefore  the  guiding  agency  in  locomotion  is  located  at  the  posterior 
end  of  the  ameba. 

The  rate  of  locomotion  in  schiedii  is  rapid,  being  about  95  microns  per 
minute  (fig.  10). 

The  nucleus  of  this  species  presents  nothing  unusual.  Its  shape  is 
spherical.  The  chromatin  occurs  in  rather  large  masses  arranged  in 
the  shape  of  a  hollow  sphere  immediately  imdemeath  the  nuclear  mem- 
brane or  at  some  distance  from  it.  Usually  two  nuclei  are  present  as 
in  the  case  of  lenlissima.  The  binucleate  condition  therefore  represents 
an  intermediate  stage  between  nuclear  division  and  cell  division.  This 
stage  in  these  two  species  {schiedii  and  lerUissima)  is  much  longer  than 
in  most  typically  uninucleate  imicellulars,  so  that  the  binucleate  stage 
is  much  more  conunon.  These  pelom)^xas  are  therefore  to  be  looked 
upon  not  as  binucleate  organisms,  but  as  typically  uninucleate.  The 
size  of  the  nucleus  is  about  7  microns.  Owing  to  the  numerous  endo- 
plasmic inclusions,  the  nuclei  are  difficult  to  see  in  the  living  condition. 

The  contractile  vacuoles  are  made  out  only  with  the  greatest  difficulty 
in  normal  individuals.  They  are  seen  only  in  the  small  clear  areas 
which  are  observed  occasionally  along  the  sides  during  locomotion.  With 
very  attentive  examination  the  vacuoles  may  then  be  seen.  The  maxi- 
miun  size  of  the  vacuoles  is  about  four  microns.  Nothing  very  definite 
can  be  said  about  their  number  which  is  certainly  not  less  than  ten,  but 
is  probably  very  much  greater.  The  diastole  is  rather  rapid.  The 
systole  is  practically  instantaneous,  almost  as  rapid  as  the  bursting  of 
a  bubble  on  the  surface  of  water.  There  is  a  readily  observed  character- 
istic rush  of  protoplasm  from  the  inunediate  vicinity  to  the  place  where 
the  vacuole  has  just  burst,  which  may  be  taken  advantage  of  to  locate 
a  bursting  vacuole  without  actually  seeing  the  vacuole.  In  this  way 
it  is  possible  to  determine  that  there  are  several  systoles  a  minute  in 
different  parts  of  the  animal.  Doubtless  the  fluidity  of  the  endoplasm 
is  in  some  way  connected  with  the  small  size  and  sudden  contraction 
of  the  vacuoles. 

This  species  is  full  of  what  are  probably  glycogen  grains  (Stole,  A., 
1900.  Zeit.  f.  wiss.  Zool.  Bd.  68).    Their  color  is  a  shade  of  olive  green. 


Digitized  by  VjOOQIC 


THREE  NEW  SPECIES  OF  AMEBAS  95 

The  shapes  of  the  bodies  are  varied,  mostly  irregular,  angular  with 
rounded  comers  and  edges.  The  maximum  size  commonly  met  with 
is  about  six  microns.  Most  of  them  are  only  two  or  three  microns  long. 
They  are  not  evenly  distributed  throughout  the  body,  but  there  seems 
to  be  a  tendency  for  them  to  collect  very  near  the  siuiace  in  what  is 
called  the  ectoplasm.  In  focussing  along  the  edge  one  observes  a  serrated 
outline,  the  teeth  being  represented  by  the  protruding  starch  grains. 
I  presmne  that  a  layer  of  protoplasm  at  all  times  covers  these  bodies 
when  lying  at  the  surface,  though  one  cannot  observe  such  a  layer  in 
the  Uving  organism. 

Besides  the  starch  bodies  there  are  foimd  considerable  numbers  of 
very  smaU  spherical  bodies  of  a  bluish  green  color.  These  are  met  with 
in  nearly  all  amebas,  but  of  their  natiu-e  nothing  is  definitely  known. 

The  bacterial  rods,  the  presence  of  which  characterizes  the  genus 
Pelomyxa,  are  found  in  considerable  numbers  in  sckiedti.  The  length  of 
these  rods  is  about  three  or  four  microns. 

The  number  of  brownish  colored  inclusions  which  are  so  commonly 
foimd  in  pelomyxas,  is  small  in  this  species.  Sometimes  only  two  or 
three  masses  of  appreciable  size  are  found.  Very  Uttle  food  has  been 
observed  in  the  bodies  of  these  animals.  Occasionally  a  diatom  or  a 
flagellate  was  seen,  but  in  the  great  majority  of  individuals  no  recogniza- 
ble food  objects  were  found. 

When  the  cultures  began  to  die  out,  the  glycogen  bodies  began  to 
disappear  gradually.  In  the  last  few  surviving  individuals  almost  no 
glycogen  grains  could  be  seen.  The  organisms  were  very  pale  yellowish 
and  sluggish.  Nmnerous  large  permanent  vacuoles  appeared.  The 
nuclei  also  changed  in  appearance.  The  chromatin  receded  further  from 
the  nuclear  membrane  and  collected  itself  in  much  larger  but  fewer 
granules  than  normally.  From  these  observations  we  may  conclude 
that  the  starch  grains  are  reserve  food  stores  as  has  been  shown  by  Stole 
to  be  the  case  in  P.  palustris,  and  that  the  cultures  died  out  chiefly 
because  of  lack  of  food. 

Zoological  Laboratory,  UniversUy  of  Tennessee. 
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EXPLANATION  OF  PLATES 
Plate  Vn 

Fig.  2.  Photograph  from  water  color  drawing  of  bigemma  in  characteristic  attitude 
during  locomotion.  C,  nuclear  chromatin  mass;  C-S,  crystals  attached  to  spheres; 
F,  food  mass;  M,  nuclear  membrane;  V  vacuoles. 

Fig.  3.  Photograph  from  water  color  drawing  of  nucleus  and  excretion  spheres 
and  crystals  of  bigemma.  CR,  chromatin  granules  of  nucleus;  C,  twin  crystals  at- 
attached  to  excretion  spheres;  M,  nuclear  membrane;  S,  spheres;  Occasionally  two 
twin  crystals  are  attached  to  each  other  as  shown. 

Fig.  4.  Photomicrognq>h  from  imretouched  negative  of  several  live  bigemmas 
among  diatoms  and  arcellas.  The  nucleus,  N,  is  faintly  shown  in  two  of  them.  The 
arcellas  measured  58  microns  in  diameter. 

Fig.  5.  Photomicrograph  from  unretouched  negative  of  several  live  bigemmas 
in  characteristic  attitudes  during  locomotion.  Note  especially  the  blunt  character 
of  the  ends  of  the  pseudopods.    Same  magnification  as  figure  4. 

Plate  VIII 

Fig.  6.  Photograph  from  water  color  sketch  of  a  P.  lenHssima  in  locomotion. 
N,  nucleus;  CV,  contractile  vacuole;  U,  uroid. 

Fig.  7.  Water  color  sketch  of  a  quiescent  stage  of  lenUssima,  Note  the  numerous 
and  bizarre  shaped  pseudopods. 

Fig.  8.  Water  color  sketch  of  P.  sckiedti  in  locomotion.  CV,  contractile,  vacuole; 
N,  nuclei;  U,  uroid.  Note  the  niunerous  irregularly  shi4>ed  starch  bodies. 

Fig.  10.  Camera  lucida  sketch  of  a  moving  P.  sckiedti  showing  the  slight  changes 
in  body  shape  during  locomotion. 
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SPERMATOGENESIS  OF  THE  DOG 

BY 

Julian  Y.  Malone 

The  problem  of  spermatogenesis  has  been  extensively  worked  on  in 
insects  and  various  other  invertebrates.  Recently  several  vertebrates 
have  been  shown  to  possess  the  so-called  X-chromosome  which  is  asso- 
ciated with  sex-determination.  Two  hetero-chromosomes  have  been 
described  in  most  of  the  mammals,  and  they  probably  correspond  to  the 
X-  and  Y-elements  as  described  by  Wilson  ('12)  in  the  Hemiptera.  Dif- 
ferent members  of  the  latter  class  show  a  variation  of  these  elements 
from  forms  which  have  only  the  X-element,  thru  those  which  have  the 
X-  and  Y-element  of  unequal  size,  to  those  in  which  these  elements  are 
of  equal  size. 

In  the  dog  I  find  only  one  such  element,  the  history  of  which  I  have 
tried  to  follow  in  this  paper.  The  present  study  has  been  carried  on  at 
the  suggestion  of  Professor  M.  F.  Guyer,  to  whom  I  am  especially  in- 
debted for  kindly  help  and  criticism.  I  wish  also  to  acknowledge  my 
obligation  to  Dr.  Elizabeth  A.  Smith  for  valuable  criticism. 

Materials  and  Methods 

Thru  the  courtesy  of  the  Department  of  Physiology  of  the  University 
of  Wisconsin,  I  was  enabled  to  get  the  material  in  the  living  condition. 
Eleven  of  the  animals  from  which  the  tissues  were  taken  were  mongrels; 
the  twelfth  was  a  thorobred  bulldog.  No  especial  differences  were 
noted  in  the  material  except  occasional  minor  discrepancies  in  the  size 
of  the  cells. 

At  first  samples  from  different  regions  of  the  living  testes  were  placed 
directly  into  the  fixing  reagents  in  the  preliminary  preparations,  but  the 
best  results  were  obtained  when  the  tissues  were  allowed  to  stand  for 
twenty  minutes  before  being  inmiersed  in  the  fixative.  As  experienced 
by  all  other  workers  on  mammals  the  great  problem  is  to  get  the  chro- 
mosomes to  stand  out  as  individual  elements,  the  tendency  being  for 
them  to  mass-up  before  the  fixative  takes  effect.  For  this  reason  the 
following  fixatives:  Gilson's,  Camoy's,  Flemming's  strong,  Bouin's, 
Tower's,  Herrmann's,  Haner's  modification  of  Flemmmg's  strong,  and 
Allen's  modification  of  Bouin's,  were  tried  out  several  times  in  an  effort 
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to  overcome  this  difficulty.  It  was  found  that  the  latter  reagent  gave 
the  best  results.  As  urea  in  this  solution  presumably  increases  the 
rate  of  penetration  of  the  fixative,  the  ampunt  of  urea  was  varied  from 
one  to  five  percent  in  order  to  determine  the  optimum  concentration 
for  this  tissue.  A  four  percent  solution  was  found  to  give  the  most 
satisfactory  results.  The  formula  for  this  fixative  is  as  follows:  to 
100  cc.  of  Bouin's  fluid  add  slowly  1.5  gm.  of  chromic  add  and  4  gm.  of 
urea  just  before  usmg.  Heat  to  37^  C,  add  the  fresh  material  and  leave 
it  in  the  fixative  for  one  to  two  hours  keeping  the  temperature  up  to 
37**  C.  For  good  cytoplasmic  fixation  put  the  fresh  material  in  the 
fixative  at  60**  C.  allow  to  cool  to  37**  C.  and  keep  at  this  temperature 
as  before.  The  fixative  is  then  replaced  gradually  by  70  percent  alcohol 
until  entirely  removed.  A  convenient  apparatus  for  this  part  of  the 
technic  is  described  by  Allen  ('16).  The  tissues  are  then  dehydrated, 
placed  in  xylol  or  chloroform,  xylol-paraffin  and  imbedded  in  paraffin. 
As  the  material  fixed  better  after  standing  20  minutes  the  experiment 
was  tried  to  see  if  allowing  the  tissues  to  autolyze  from  one  to  six  hours 
would  improve  the  fixation.  It  was  found  that  there  was  no  perceptable 
difference  in  the  appearance  of  the  nucleus  altho  the  cytoplasm  showed 
evidence  of  being  digested  and  the  chromosomes  showed  a  tendency  to 
clmnp  up  more  after  the  first  hour  of  autolysis. 

Flenmiing*s  strong  and  Haner's  modification  of  Fleming's  strong 
gave  good  nuclear  figures  but  the  chromosomes  did  not  stand  out  very 
clearly.  Camoy's  fixative  gave  good  spindle  figures  but  always  distorted 
the  cells. 

The  sections  were  cut  5  microns  and  7  microns  thick  and  were  stained 
with:  (1)  Haidenhain's  iron-haemotoxylin  and  coimter-stained  with 
eosin,  Bordeaux  red,  acid  fuschin,  or  orange  G;  (2)  Saffranin-lichtgnm; 
(3)  Saffranin-gentian  violet;  (4)  Benda's  mitochondrial  method.  The 
most  satisfactory  stain  was  the  iron-haemotoxylin  coimter-stained  with 
acid  fuschin,  altho  the  saffranin  preparations  were  valuable  in  studying 
the  resting  stages,  different  phases  of  the  growth  period,  and  the  shape 
and  niunber  of  the  chromosomes. 

Smear  preparations  were  fixed  in  Allen's  modification  of  Bouin's 
fluid  and  stained  with  Haidenhain's  iron-haemotoxylin  and  Benda's 
mitochondrial  stain.  These  preparations  gave  as  good  results  in  all 
stages  as  was  found  in  the  sections  and  were  of  advantage  in  so  far  as 
the  cells  were  isolated,  thus  removing  the  danger  of  any  confusion  due 
the  siuTOunding  cells  or  to  part  of  the  cell  being  cut  away. 
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Arrangement  of  the  Germ  Cells  in  the  Testis 
The  main  bulk  of  the  testis  is  made  up  of  the  coiled  seminiferous 
tubules  which  contain  the  germ  cells.  The  seminiferous  tubules  are  held 
together  by  connective  tissue  which  contains  a  small  niunber  of  inter- 
stitual  cells,  blood  and  lymph  vessels.  Practically  all  stages  of  develop- 
ment of  the  germ  cells  may  be  found  in  a  single  tubule.  In  general  the 
spermatogonia  and  the  Sertoli  cells  are  at  the  periphery,  then  comes  the 
primary  spermatocytes,  the  secondary  spermatocytes,  the  spermatids 
and  the  spermatozoa.  There  is  no  definite  seriation  of  the  stages  in  any 
one  tubule,  such  as  is  seen  for  example,  in  the  insect  testes.  Some 
tubules  are  filled  practically  with  cells  in  the  growth  stages,  others  with 
spermatids  and  some  with  nothing  but  a  few  Sertoli  cells  and  fibers  left 
by  the  discharged  spermatozoa. 

It  is  thus  apparant  that  the  great  problem  in  Mammalian  spermato- 
genesis is  to  determine  the  seriation  of  the  stages  of  development.  The 
criterion  employed  was,  mainly,  resemblance  to  the  stages  in  forms  which 
had  already  been  worked  out.  The  size  of  the  different  cells  and  the 
number  of  chromosomes  were  the  chief  guides. 

Spermatogenesis 
SpermcUogonia 

The  spermatogonia  usually  lie  at  the  periphery  of  the  tubules,  but 
occasionally  when  rapid  multiplication  is  taking  place,  they  are  found 
in  the  deeper  portions.  The  spermatogonia  are  hard  to  distinguish 
from  the  Sertoli  cells  but  usually  they  can  be  identified  by  the  small 
amoimt  of  their  cytoplasm.  The  nuclei  of  the  Sertoli  cells  present  the 
same  general  appearance  as  those  of  the  resting  spermatogonia  and  as 
far  as  I  can  determine  are  the  same.  According  to  some  investigators 
they  both  have  a  common  origin  from  the  primordial  germ  cells  (Heg- 
ner  '14). 

There  are  present  in  the  resting  spermatogonial  nuclei  from  one  to 
four  large,  deeply  staining  nucleoli  which  always  fuse  when  activity 
commences.  This  process  of  fusion  is  seen  best  in  the  saffranin  prepara- 
tions, which  show  that  these  bodies  approach  each  other  but  before  com- 
ing in  contact  seem  to  be  connected  by  thin  threads  of  chromatin  on  each 
side.  They  then  completely  fuse  forming  an  oval  nucleolus  (figs.  1-3). 
Even  in  the  earliest  periods  when  these  bodies  are  well  separated  they 
seem  to  be  connected  by  thin  fibers  or  strands  of  chromatin.    A  number 
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of  interlacing  linin  threads  along  which  small  granules  of  chromatin  are 
deposited  radiate  from  the  nucleolus  (fig.  4).  As  activity  conmiences 
in  the  nucleus  there  is  a  marked  increase  of  chromatin  granules  about  the 
nucleolus  as  though  they  were  threading  out  from  it  (fig.  5).  At  the 
same  time  the  amount  of  chromatin  along  the  linin  fibers  increases  imtil 
the  linin  is  practically  obscured  from  view.  Undoubtedly  some  of  this 
chromatin  along  the  threads  is  from  the  nucleolus  but  the  increase  is 
so  great  that  some  must  either  be  synthesized  or  is  present  in  the  resting 
nucleus  in  such  a  chemical  structure  that  it  does  not  react  to  the  stains 
used  The  cytoplasm  which  is  made  up  of  short  interlacing  fibers  con- 
tains in  all  stages  a  spermatosphere.  This  stains  more  intensely  with 
cytoplasmic  stains. 

As  development  continues  the  separate  threads  of  chromatin  shorten 
and  become  thicker.  These  finally  condense  into  the  chromosomes  of 
the  spermatogonial  metaphase,  as  shown  in  figs.  7  and  8.  It  appears 
as  though  a  single  thread  does  not  become  a  single  chromosome  but 
that  parts  of  threads  condense  about  different  "centers"  which  are 
connected  to  each  other  by  the  linin  fibers.  The  nucleolus  does  not 
lose  its  identity  thruout  these  stages  but  remains  a  large,  dark  body  with 
threads  radiating  from  it.  It  does,  however,  approach  the  chromosomes 
in  size  in  the  early  prophase  (fig.  7),  but  it  soon  becomes  more  darkly 
stained  than  they  (fig.  8).  Cells  showing  the  nucleolus  as  in  fig.  7  are  very 
few  hence  it  indicates  that  this  stage  is  of  very  short  duration.  This  so- 
called  nucleolus  is  probably  the  X-chromosome  as  it  can  be  traced  as  such 
throuout  all  the  later  stages  by  its  staining  reaction.  The  newly  formed 
chromosomes  now  take  up  their  usual  position  on  the  spindle  as  twenty- 
one  oval-shaped  bodies  of  which  one  is  the  X-chromosome.  Information 
as  to  the  origin  of  spindle  fibers  and  of  the  centrosomes  was  not  obtainable 
but  they  were  very  distinct  in  all  cases.  During  the  formation  of  the 
spindle,  the  nuclear  wall  disintegrates.  The  spermatogonial  metaphase 
is  probably  of  short  duration  as  stages  where  none  of  the  chromosome 
had  started  to  divide,  as  in  fig.  9,  were  very  few.  Coimts  were  made 
from  polar  views  (Fig.  10),  and  oblique  side  views  of  the  metaphase 
spindles.  In  material  obtained  from  a  female  foetus  an  attempt  was 
made  to  determine  the  somatic  coimt  in  tissues  taken  from  the  pancreas, 
liver,  mesonephros,  metanephros  and  kidney.  A  few  clear  spindles  were 
secured  from  liver  material  in  which  22  chromosomes  appeared  (fig.  69). 

In  cases  where  the  autosomes  had  just  started  to  divide  (figs.  11,  13, 
14),  it  was  obvious  that  the  X-chromosome  was  dividing  ahead  of  them. 
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In  the  middle  anaphase  (figs.  15  and  16)  the  X-chromosome  can  be  seen 
still  slightly  ahead  of  the  autosmnes,  which  are  now  clumping  together. 
The  early  telophase  (fig.  17)  shows  the  chromosomes  clumped  with  a 
spermatosphere  near  each  mass.  The  cell  wall  (fig.  18)  constricts  in 
the  middle  of  the  long  axis  and  finally  divides  the  cell  into  two  complete 
daughter  cells.  The  spindle  fibers  are  still  present  but  soon  disappear 
leaving  the  cells  with  a  mass  of  chromatin,  and  the  spermatosphere 
imbedded  in  the  cytoplasm.  Thus  the  cells  are  ready  for  the  growth 
period  as  primary  spermatocytes. 

Growth  Period 

Stage  A-preleptotene  (figs.  19  and  20).  In  this  stage  the  cells  from 
the  spermatogonial  telophase  have  the  chromosomes  dumped  together 
in  an  irregular  granular  mass.  The  nuclear  membrane  has  not  yet 
formed.  This  stage  possibly  represents  that  described  by  Wilson  C12) 
in  OncQpdtus  and  Lygaeus  as  an  uncoiling  of  the  individual  chromosomes 
to  form  separate  leptotene  threads,  but  as  the  chromosomes  are  so  massed 
the  actual  processes  cannot  be  determined.  A  large  black  body  which 
is  present  in  this  mass  of  chromatin  retains  its  identity  throughout 
the  growth  period  and  from  its  subsequent  behavior  will  be  called  the 
X-chromosome.  Fig.  20  shows  the  leptotene  threads  emerging  from 
the  chromatin  mass. 

Stage  B'leptotene  (fig.  18).  The  nuclear  wall  is  now  present  and  is 
seen  to  enclose  several  thin,  beaded  threads  of  chromatin  and  the  X- 
chromosome.  These  leptotene  threads  do  not  form  a  continuous  spi- 
reme but  appear  as  independent  threads  in  both  the  smear  and  section 
preparations.  While  the  threads  show  no  definite  polarization  such  as 
Wenrick  ('16)  found  in  the  Phrynotettix  magntis,  they  form  a  network 
which  makes  them  very  hard  to  count.  They  have  not  been  seen  to 
exceed  twenty  in  number  which  further  indicates  that  they  take  their 
origin  in  the  spermatogonial  telophase  chromosomes. 

Stage  C'Synapsis  and  synizesis  (fig.  22).  The  leptotene  threads  of 
stage  B  drift  toward  one  pole  of  the  nucleus  where  they  condense  into 
a  mass.  The  parts  of  the  nucleus  not  occupied  by  these  threads  is 
clear.  This  stage  has  been  studied  in  several  forms  of  mammab  by 
von  Hoff  C12)  who  concludes  that  synizesis  is  the  result  of  the  action 
of  the  fixative  but  as  pointed  out  by  Wilson  (*12),  Fasten  (14)  and  others 
it  occurs  in  the  living  material  and  thus  cannot  be  the  result  of  the  action 
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of  the  fixative.  In  cases  of  poor  fixation,  however,  the  leptotene  threads 
are  so  contracted  that  their  individuaUty  cannot  be  made  out,  while 
with  proper  fixation  it  is  very  dear  that  the  threads  do  not  lose  their 
identity  during  this  contraction.  They  appear  to  arrange  themselves 
in  pairs  for  they  emerge  from  the  mass  in  parallel  strands. 

Stage  D'packytene  (fig.  23).  The  leptotene  threads  which  paired 
up  in  the  previous  stage  now  fuse  side  by  side ;  that  is,  undergo  parasynap- 
sis.  This  is  conclusively  shown  in  this  figure  as  in  many  others  where 
two  leptotene  threads  can  be  seen  fused  at  one  end  and  separated  at  the 
other.  The  line  of  fusion  of  these  threads  is  not  obliterated  until  a 
much  later  stage.  Thus  the  dog  is  another  form  which  shows  parasynap- 
sis  such  as  described  by  von  Winniwarter  (W)  Gregoire  C04),  Schreiners 
C04),  Wilson  C12)  Smith  ('16),  and  others. 

Stage  Er4iplotene  (fig.  24).  This  stage  is  hard  to  distinguish  from 
stage  D  except  that  all  the  leptotene  threads  have  fused  to  form  the 
thicker  diplotene  threads.  In  these  the  line  of  fusion  of  the  leptotene 
threads  cannot  be  seen  except  in  well  destained  preparations.  The 
ends  of  the  threads  appear  thicker  than  the  rest  of  the  thread.  This 
stage  might  be  called  the  beaded  stage  for  each  thread  has  the  appearance 
of  a  string  of  beads.  They  approximate  the  haploid  niunber.  It  will 
be  noted  that  thruout  these  stages  the  X-chromosome  does  not  lose 
its  identity  and  that  the  spermatosphere  is  present 

These  diplotene  threads  now  contract  gradually  into  somewhat  oval- 
shaped  chromosomes.  As  this  contraction  progresses,  linin  threads 
connecting  them  appear.  In  the  late  prophase  the  nuclear  wall  breaks 
down  and  the  chromosomes  take  their  places  upon  the  primary  sperma- 
tocyte spindle.  Since  twenty-one  chromosomes  entered  the  primary 
spermatocyte  from  the  spermatogonia!  division,  the  leptotene  threads 
paired  and  the  X-chromosome  did  not  lose  its  identity,  it  is  obvious  that 
the  spermatocyte  autosomes  must  be  bivalent;  that  is,  each  one  is  made 
up  of  two  univalent  chromosomes,  and  the  X-chromosome  is  imivalent. 
This  material  contained  no  indications  that  the  leptotene  threads  twisted 
about  each  other  to  form  chiasmas  such  as  observed  by  Janssens  ('09)  and 
Smith  ('16).  Heterot3^ic  tetrad  fiigures  in  the  late  prophase  stages 
are  not  apparent  although  preparations  stained  favorably  with  iron- 
haemotoxylin  reveal  a  quadrapartite  appearance  of  the  bivalent  chro- 
mosomes as  tho  they  were  preparing  for  the  following  maturation  divi- 
sions. 
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The  actual  growth  period  might  be  considered  to  be  from  stage 
C  to  E  as  there  is  very  little  change  in  volume  up  to  the  time  of  synizesis 
but  from  there  on  the  increase  is  very  marked.  The  diplotene  stage 
probably  lasts  longer  than  any  other  as  cells  in  this  stage  of  development 
are  found  in  large  niunbers  in  the  majority  of  the  tubules. 

Reduction  Division 

When  the  primary  spermatocytes  are  ready  for  division  they  reveal 
ten  large  bivalent  chromosomes,  and  one  large  X-chromosome.  As  the 
X-chromosome  lies,  in  the  metaphase,  in  very  close  proximity  to  the 
autosomes  it  is  often  difficult  to  determine  its  shape.  But  it  can  be 
distinguished  from  the  others  as  a  longer,  slightly  curved  body,  (figs. 
28,  29,  32,  35,  38,  39)  similar  to  that  noted  by  Guger  C12)  and  ('16). 
However,  a  curved  body  from  the  concave  or  convex  side  would  appear 
as  an  oval  body  (fig.  30  and  34).  Fig.  31,  a  polar  view,  presents  clearly 
the  reduced  number  of  chromosomes.  All  the  chromosomes  of  the  equa- 
torial plate  were  not  usually  in  the  same  plane. 

As  division  starts  in  the  autosomes  the  X-element  can  be  seen  to  pass 
slightly  ahead  of  them  to  one  pole.  The  dividing  chromosomes  are  long 
and  thin  giving  the  appearance  of  overlapping  each  other  (fig.  36  and 
37).  This  division  is  probably  the  reduction  division  as  the  autosomes 
divide  longitudinally  and  the  X-chromosome  passes  imchanged  to  one 
pole.  In  fig.  41  there  could  be  counted  at  one  pole,  ten  ordinary  chromo- 
somes plus  the  accessory  while  only  ten  autosomes  passed  to  the  other 
pole.    It  will  also  be  noted  that  the  spermatosphere  is  still  present. 

Interkinesis 

After  the  primary  spermatocyte  division  no  resting  stage  occurs. 
The  secondary  spermatocyte  metaphase  is  formed  by  the  rearrangement 
of  the  chromosomes  present  in  the  primary  spermatocyte  telophase. 

In  the  late  anaphase  of  the  primary  spermatocyte  the  centrioles  with 
short  spindle  fibers  between  them  and  the  chromosome  masses  (fig.  44) 
are  apparent,  indicating  that  the  chromosomes  do  not  reach  the  poles 
as  in  the  other  divisions.  The  division  of  the  centrioles  and  the  forma- 
tion of  the  new  astral  system  cannot  be  followed  but  from  the  appear- 
ances of  such  cells  as  figs.  46  and  47  one  might  infer  that  there  is  not  a 
new  astral  system  formed  but  that  the  remnants  of  the  previous  spindle 
are  re-organized  to  form  the  secondary  spermatocyte  spindle.    The 
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chromatin  mass  is  imbedded  in  a  more  or  less  clear  space  surrounded 
by  cytoplasm. 

As  two  types  of  cells  enter  this  stage  two  kinds  must  result  from  their 
division,  one  with  ten  univalent  autosomes,  (fig.  49),  and  one  Yfith  ten 
univalent  autosomes  plus  the  X-chromosome,  (fig.  48).  When  the  auto- 
somes divide  they  pull  apart  in  the  center,  the  X-chromosome  dividing 
slightly  ahead  of  them  and  passing  to  each  pole,  fig.  52.  In  the  telophase 
of  this  division  the  chromosomes  are  usually  massed  up  but  in  such  a 
figure  as  54  approximately  ten  chromosomes  plus  the  accessory  can  be 
distinguished  passing  to  each  pole  whereas  in  others  no  trace  of  an 
accessory  can  be  foimd,  fig.  55.  Thus  two  kinds  of  spermatids  which 
will  develop  into  mature  sperm  result  from  this  division. 

Spermiogenesis 

The  chromosomes  of  the  second  matiuration  division  break  up  into 
an  open  reticulum  composed  of  linin  threads  and  chromatin  granules. 
The  nucleus  thus  goes  into  a  resting  condition  which  apparently  lasts 
for  some  time.  In  approximately  half  of  the  nuclei  there  can  be  seen  a 
definite  round  body,  fig.  60,  which  possibly  corresponds  with  the  X- 
chromosome  It  can  be  seen  in  the  nucleus  after  condensation  of  the 
chromatin  has  occurred  and  the  nucleus  has  migrated  to  one  side  of  the 
cell,  fig.  62  and  63. 

The  spermatosphere,  which  takes  the  cytoplasmic  stains,  is  present 
in  all  of  the  spermatids  in  the  cytoplasm  and  either  imbedded  in  it  or 
closely  associated  with  it  can  be  seen  the  centrosome.  In  the  same 
region  of  the  cytoplasm,  fig.  57,  is  found  the  idiozome  or  remnant  of  the 
previous  st)indle. 

The  centrosome  and  the  idiozome  are  differentiated  from  one  another 
by  the  fact  that  the  centrosome  remains  in  close  apposition  to  the  sperma- 
tosphere. It  is  a  single,  regular  body  while  the  idiozome  is  usually 
lobular  and  irregular.  As  the  idiozome  comes  in  contact  with  the  nuclear 
wall  an  oval,  clear  space  as  described  by  Leplat  ('10)  in  the  cat  appears 
between  it  and  the  nuclear  wall  (fig.  58).  It  is  apparently  caused  by 
some  repulsive  force  between  the  nuclear  membrane  and  the  idiozome 
for  the  nuclear  wall  is  definitely  depressed.  The  wall  of  the  cavity 
opposite  the  nuclear  wall  is  probably  formed  by  material  from  the 
idiozome.  The  nuclear  wall  then  gradually  returns  to  its  original  posi- 
tion, fig.  60,  the  nucleus  becoming  longer  than  it  is  wide  and  the  idiozome 
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forming  a  cap  over  about  two-thirds  of  its  length.  Later  this  cap  be- 
comes the  acrosome  of  the  mature  sperm  fitting  closely  over  the  anterior 
end  of  the  head.  There  seems  to  be  little  change  in  the  idiozome  threads 
during  this  transformation  but  the  dark  mass  at  the  tip  disappears.  In 
sections  threads  running  between  the  Sertoli  cells  and  the  acrosome 
were  usually  noted  but  no  indication  of  their  origin  could  be  foimd  unless 
they  come  from  the  acrosome.  Fig.  68  shows  a  tubule  from  which  all 
of  the  sperm  have  been  discharged  and  has  nothing  in  it  but  a  few  Sertoli 
cells  with  these  threads  nmning  to  them. 

While  this  development  of  the  acrosome  has  been  going  on  the  sper- 
matosphere  and  the  centrosome  have  migrated  to  the  opposite  side  of 
the  nucleus.  The  spermatosphere  becomes  closely  appUed  to  the 
nuclear  wall  and  the  centrosome  divides  into  an  anterior  and  a  pos- 
terior portion,  fig.  61.  At  this  stage  the  nucleus  gets  smaller  and  the 
chromatin  material  appears  as  an  indefinite  granular  mass  in  which  a 
dark  body,  possibly  the  remnant  of  the  X-chromosome,  is  seen  in  approxi- 
mately half  of  the  cells,  fig.  62.  The  nucleus  migrates  to  the  side  of  the 
cell  toward  the  acrosome  apparently  carrying  with  it  a  definite  amoimt 
of  cytoplasm  enclosed  in  a  denser  wall,  fig.  62.  The  migration  of  the 
nucleus  is  usually  toward  the  tubule  wall.  At  the  base  of  this  cytoplas- 
mic neck  which  is  destined  to  become  the  sheath  of  the  middle  piece  of 
the  mature  spermatozoa,  is  found  the  spermatosphere.  It  retains  this 
position  imtil  the  nucleus,  now  the  sperm  head,  has  broken  thru  the 
cell  wall.  In  the  "giant  cells"  (fig.  74)  In  which  a  nimiber  of  spermatid 
nuclei  are  present  in  one  cell,  there  is  a  spermatosphere  associated  with 
each  nucleus. 

The  process  of  formation  of  the  acrosome  and  middle  piece  is  similar 
to  that  found  by  McGregor  ('99)  in  Amphiuma,  except  that  he  finds  part 
of  the  centrosphere  or  idiozome  also  going  to  form  the  middle  piece. 

After  division  of  the  centrosome  the  anterior  one  comes  in  contact 
with  the  nuclear  wall  causing  a  temporary  depression  in  the  latter  and 
then  flattens  out  into  a  disc  between  the  walls  of  the  cytoplasmic  neck. 
This  disc,  which  forms  the  end  knob  of  the  sperm,  has  extending  back 
from  it  a  thin  filament  which  extends  to  the  spermatosphere  fig.  63. 
Attached  to  this  filament  by  a  fine  stalk  is  the  posterior  centrosome. 
This  condition  differs  from  that  described  by  Leplat  (*10)  in  the  cat  and 
Wodsedalek  C13)  in  the  pig,  m  that  the  posterior  centrosome  in  these 
animals  forms  a  ring  which  migrates  along  the  axial  filament  and  is 
cast  off  with  the  cytoplasm. 
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As  the  sperm  head  breaks  thru  the  cell  wall  the  axial  filament  becomes 
much  longer.  The  flattened  head  is  composed  of  three  regions  of  dif- 
ferent staining  reaction,  fig.  64.  The  point  of  attachment  of  the  acrosome 
corresponds  with  about  the  posterior  margin  of  the  anterior  two-thirds 
of  the  head  and  the  point  of  attachment  of  the  cytoplasmic  neck  cor- 
responds with  the  anterior  margin  of  the  posterior  third  of  the  head* 
Thus  it  appears  that  the  difference  in  the  density  is  due  to  the  presence 
of  these  membranes  and  that  the  lighter  middle  portion  is  due  to  the 
absence  of  these  membranes.  Further  evidence  of  this  is  seen  in  fig. 
65  in  which  the  acrosome  is  becoming  applied  to  the  nuclear  wall.  Here 
there  are  only  two  regions  of  different  color.  This  observation  may  be 
carried  to  the  mature  sperm,  fig.  67,  which  shows  in  a  side  view  that 
there  is  a  layer  of  dark  staining  material  covering  the  posterior  third 
of  the  head,  which  also  appears  darker  than  the  rest  of  the  head  when 
viewed  from  above,  fig.  66. 

When  the  cells  reach  the  stage  shown  in  fig.  65  they  become  attached 
in  groups  to  the  SertoU  or  nurse  cells  by  long  filaments.  At  this  time 
the  cytoplasm  is  cast  off  and  the  sperm  continue  to  develop.  The  sur- 
rounding cytoplasm  is  found  to  disappear  gradually  and  as  the  sperm  do 
not  leave  the  tubule  until  this  is  about  complete,  it  is  possible  that  they 
derive  some  of  their  nourishment  from  this  bed  of  cytoplasm.  In  the 
Benda  preparation  there  was  found  large  and  small  globules  of  fatty 
substance  in  this  cytoplasm,  in  the  Sertoli  cells  and  a  few  in  the  inter- 
stitual  cells.  These  globules  stain  black  with  iron-haemotoxyUn  but 
do  not  stand  out  as  well  as  in  the  Benda  preparations. 

In  the  final  changes  of  the  sperm  the  acrosome  becomes  closely 
appUed  to  the  sperm  head  and  is  no  longer  distinguishable.  The  cyto- 
plasm of  the  middle  piece  contracts  and  slightly  elongates  to  cover  al- 
most the  anterior  half  of  the  sperm  tail  or  axial  filament.  During  this 
contraction  the  posterior  centrosome  breaks  thru  the  cytoplasmic  wall 
and  is  seen  lying  outside  the  middle  piece  (fig.  66).  There  is  no  evidence 
of  the  sperm  head  enlarging  during  this  process  as  described  by  Wad- 
sedalek  (13). 

.f  ^Thus  the  mature  sperm  is  seen  to  consist  of:  a  head  formed  from  the 
entire  nucleus  of  the  spermatid,  the  cytoplasm  of  the  middle  piece  from 
the  spermatosphere  and  the  axial  filament  together  with  the  anterior 
and  posterior  centrosomes  from  the  centrosomes.  The  spermatozoa 
now  lose  their  attachment  to  the  Sertoli  cells  and  pass  into  the  liunen  of 
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the  tubule  leaving  behind  the  Sertoli  cells  with  large  bundles  of  threads 
attached  to  them  as  shown  in  fig.  68. 

Further  evidence  of  the  dimorphism  of  the  sperm  was  obtained  by 
camera  lucida  measurements.  Three  hundred  measurements  were  made 
at  2,000  magnification  of  mature  sperm,  obtained  from  the  vas  deferens. 
It  was  found  that  these  sperm,  selected  at  random  from  the  preparation, 
could  be  grouped  into  two  classes  on  the  basis  of  size.  The  heads  of 
one  himdred  and  sixty-one  at  this  magnification  measured  five  to  six 
millimeters  when  projected  onto  paper  with  a  camera  lucida  while  the 
balance  of  the  three  hundred  measured  seven  to  eight  millimeters. 
This  difference  in  size  is  probably  due  to  the  presence  of  the  X-chromo- 
some. 

Summary 

1.  The  five  typical  cells  ordinarily  found  in  spermatogenesis: 
spermatogonia,  primary  spermatocytes,  secondary  spermatocytes,  sper- 
matids, and  sperm  occur  in  the  dog  in  an  unseriated  arrangement. 
These  are  enclosed  in  long,  thin,  winding  tubules  which  are  held  together 
by  connective  tissue  and  interstitutal  cells. 

2.  Large  numbers  of  spermatogonia  and  Sertoli  cells  are  present 
around  the  periphery  of  the  tubules  and  may  contain  one  or  more  large, 
deeply  staining  bodies  or  nucleoli.  In  case  of  the  spermatogonia  these 
nucleoli  alwa)rs  fuse  before  activity  is  marked.  This  body  is  possibly 
associated  with  or  is  the  X-chromosome. 

3.  The  spermatogonia  show  twenty-one  oval  shaped  chromosomes, 
the  X-chromosome  usually  not  being  distinguishable  until  the  early 
anaphase  where  it  divides  and  passes  to  the  poles  slightly  ahead  of  the 
autosomes. 

4.  Following  the  spermatogonial  division  the  chromosomes  weave 
out  into  separate  leptotene  threads,  while  the  X-chromosome  remains 
as  a  rounded  or  sUghtly  oval  dark-staining  mass. 

5.  The  leptotene  threads  imdergo  parasynapsis. 

6.  Eleven  chromosomes  appear  in  the  primary  spermatocyte,  ten 
are  bivalent  autosomes  and  one  the  X-chromosome.  The  X-chromosome 
passes  imdivided  to  one  pole  while  the  autosomes  divide  by  longitudinal 
splitting.  Thus  there  are  produced  two  kinds  of  secondary  sperma- 
tocytes.   This  division  is  reductional. 

7.  There  is  no  resting  stage  between  the  primary  and  secondary 
spermatocyte  divisions,  the  chromosomes  retaining  their  identity  al- 
though they  increase  in  size  slightly. 
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8.  The  two  kinds  of  secondary  spermatocytes  upon  division  give 
rise  to  two  kinds  of  spermatids,  one  with, ten  imivalent  autosomes  and 
the  other  with  ten  univalent  autosomes  plus  the  X-chromosome.  This 
dimorphism  is  fiu-ther  evidenced  by  the  resting  spermatids  as  approxi- 
mately half  of  them  show  a  large^  deep  staining  body  which  is  probably 
the  X-chromosome. 

9.  The  chromatin  of  the  spermatid  nucleus  condenses  into  an  indif- 
ferent mass,  the  nucleus  contracts,  becomes  narrower  and  flattened.  It 
passes  to  one  pole  of  the  cell,  breaks  thru  the  cell  wall  and  leaves  most  of 
the  cytoplasm  of  the  cell  behind.  It  then  attaches  itself  to  a  Sertoli 
cell  by  a  thin  fiber  and  shap)es  up  into  a  mature  sperm. 

10.  Dining  spermiogenesis  the  centrosome  gives  rise  to  the  end  knob, 
axial  filament  and  the  posterior  centrosome;  the  sphere  substance  of 
the  secondary  spermatocyte  division  to  the  acrosome;  and  the  sperina- 
tosphere  to  the  sheath  of  the  middle  piece. 

11.  Measurements  of  mature  sperm  give  a  distinct  bimodal  curve, 
also  indicating  their  dimorphism. 

Zoological  Laboraiory,  University  of  Wisconsin. 
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EXPLANATION  OF  PLATES 

All  drawings  were  made  at  1600  magnification  with  a  camera  ludda.    The  plates 
were  reduced  about  one-fourth. 

Plate  DC 

Figs.  1,  2  and  3.    Resting  spermatogonial  nuclei. 

Fig.  4.    Resting  spermatogonia. 

Figs.  5  and  6.    Spermatogonia  in  early  stage  of  activity  showing  the  increase  in 
chromatin  along  the  linin  fibers. 

Figs.  7  and  8.    Spermatogonia  showing  the  condensation  of  the  chromatin  to 
form  the  chromosomes  of  the  metaphase.    Fig.  8  is  &om  a  smear  preparation. 

Fig.  9.    Side  view  of  a  spermatogonial  metaphase. 

Fig.  10.    Polar  view  of  a  spermatogonial  metaphase  showing  21  chromosomes. 

Figs.  11,  12,  13  and  14.    Early  spermatogonial  anaphase  showing  the  chromo- 
somes starting  to  divide. 

Figs.  15  and  16.    Spermatogonial  anaphase  showing  the  X-chromosome  dividing 
ahead  of  the  autosomes. 

Fig.  17.    Early  telophase  of  the  spermatogonial  division. 

Fig.  18.    Late  telophase  of  the  spermatogonial  division. 

Figs.  19  and  20.    Preleptotene  stage  or  beginning  growth  period.    The  dark 
staining  compact  mass  is  the  body  which  later  is  seen  to  be  the  X-chromosome. 

Fig.  21.    Leptotene  stage  showing  the  X-chromosome. 

Fig.  22.    Synapsis  and  synizesis  showing  the  drifting  of  the  lq[>totene  threads 
and  their  contraction  to  one  side  of  the  nucleus. 
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Fig.  23.    Pachjrtene  stage  showing  the  chromaomes  pairing  by  parasynapsis. 

Figs.  24  and  25.  Diplotene  stage  showing  the  beaded  appearance  and  the  iinfused 
threads. 

Figs.  26  and  27.  Late  primait  8pennatoc3rte  prophase  showing  the  condensation 
of  the  diplotene  threads  to  form  the  chromosomes. 

Figs.  28,  29,  30,  32,  33  and  35.  Side  views  of  primary  spennatoc3rte  metaphase, 
figs.  28,  29,  32  and  35  showing  the  curved  X-chromosome. 

Fig.  31.  Polar  view  of  a  primary  spermatocyte  metaphase  showing  ten  autosomes 
and  the  X-chromosome. 

Figs.  34,  36,  and  37.  Early  prinuiry  spermatocyte  anaphase  showing  longitudinal 
division  of  the  autosomes. 

Figs.  38  and  39.  Parts  of  prinmry  spermatocyte  anaphases  showing  the  curved 
X-chromosome  going  to  one  pole. 

Figs.  40  and  41.    Early  primary  spermatocyte  telophase. 

Figs.  42,  43  and  44.    Late  primary  spermatocyte  telophase. 

Figs.  45,  46  and  47.    Secondary  spermatocyte  prophase. 

Figs.  48  and  50.  Secondary  spermatocyte  metaphase  showing  ten  autosomes 
plus  the  X-chromosome.    Fig.  50  from  a  smear  preparation. 

Fig.  49.    Secondary  spermatocyte  metaphase  showing  ten  autosomes. 

Fig.  51.  Early  secondary  spermatocyte  anaphase  showing  equational  division. 
From  a  smear  preparation. 

Plate  X 

Figs.  52  and  53.  Early  secondary  spermatocyte  anaphase  showing  equational 
division. 

Fig.  54.  Secondary  spermatocyte  telophase  showing  approximately  ten  auto- 
somes plus  the  X-chromosome  at  each  pole. 

Fig.  55.     Same  as  fig.  54  except  that  the  X-chromosome  b  not  present. 

Figs.  56  and  57.  Spermatid  showing  the  spermatosphere  with  the  centrosome 
imbedded  in  it  and  the  remnants  of  the  secondary  spermatocyte  spandle  (idiozome). 

Figs.  58,  59,  60  and  61.  Spermatids  showing  ^e  formation  of  the  acrosome  from 
the  idiozome,  the  migration  of  the  spermatosphere  plus  the  centrosome  to  the  other 
side  of  the  nucleus,  and  the  division  of  the  centrosome. 

Figs.  62,  63  and  64.  Spermatids  showing  the  migration  of  the  nucleus  to  one  side 
of  the  cell,  the  formation  of  the  middle  piece,  end  knob,  posterior  centrosome  and  the 
axial  filament. 

Fig  65.  Immature  sperm  which  has  cast  off  its  cytoplasm  except  that  destined 
to  become  the  sheath  of  the  middle  piece  and  the  fibre  which  seems  to  connect  it  with 
the  Sertoli  cell. 

Fig.  66.    Mature  sperm  viewed  from  the  broad  side. 

Fig.  67.    Mature  sperm  viewed  from  the  side. 

Fig.  68.  Cross  section  of  a  tubule  the  sperm  cells  of  which  have  all  matured 
leaving  only  a  few  Sertoli  cells  and  fibres. 

Fig.  69.    Polar  view  of  a  somatic  cell  of  a  female  foetus  showing  22  chromosomes. 

Figs.  70  and  71.    Anomalies  showing  heterogenic  division. 

Figs.  72  and  74.  Giant  cells  showing  more  than  one  nucleus  and  their  associated 
spermatospheres. 

Fig.  73.    Two  spermatids  side  by  side. 
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THIGMOTACTIC  REACTIONS  OF  THE  FRESH  WATER 
TURBELLARIAN,  PHAGOCATA  GRACIUS,  LEIDY 

BY 

Besnol  R.  Weimeb 

.  The  Turbellaria  have  ever  been  popular  subjects  for  experimen- 
tation, yet  in  looking  over  the  literature,  I  find  that  very  little  has 
been  done  upon  the  thigmotactic  reactions  of  these  animals.  Thinking 
that  here  was  a  problem  that  might  yield  some  interesting  results,  I  col- 
lected a  number  of  the  animals  in  Falling  Run,  Morgantown,  West  Vir- 
ginia, and  these  were  used  in  the  following  experiments.  Five  specimens 
were  sent  to  Dr.  H.  S.  Pratt  of  Haverford  College,  and  were  identified 
by  him  as  Phagocata  gracilis. 

Six  rocks  of  varying  degrees  of  roughness  were  collected  and  cemented 
together  with  Portland  cement  in  a  circular  glass  dish  7  cm.  high.  The 
rocks  were  so  arranged  as  to  form  a  surface  as  nearly  flat  as  possible. 
The  outer  walls  of  the  dish  were  covered  with  heavy  black  paper  in  order 
that  light  could  fall  only  vertically  upon  the  surface  of  the  rocks. 

After  allowing  water,  which  was  changed  frequentiy,  to  stand  in  the 
dish  for  three  weeks,  some  animals  were  placed  in  the  dish.  All  the 
animals  were  in  good  condition,  but  those  animals  which  came  in  contact 
with  the  cement  between  the  rocks,  secreted  a  slimy  substance  and  died. 
The  cement  was  then  coated  with  paraffin,  and  at  the  same  time  a  piece 
of  glass  of  nearly  the  same  area  as  the  different  rock  surfaces,  was  waxed 
in. 

After  carefuUy  washing  the  paraffin  for  two  days  in  running  water, 
some  animals  were  again  placed  in  the  dish  and  after  two  days  were  alive 
and  in  good  condition.  Forty  animals  were  then  put  into  the  dish  which 
was  placed  beneath  the  skylight  in  a  room  so  darkened  that  all  the  light 
came  from  this  source.  The  surface  of  the  rocks  in  the  experiments 
was  covered  by  water  to  an  average  depth  of  1.5  cm.  The  temperature 
of  the  water  varied  from  21°  -25°  C. 

In  collecting  the  rocks  used  in  the  experiments,  care  was  taken  that 
the  surface  should  have  different  degrees  of  roughness  and  that  each 
rough  surface  should  be  as  nearly  imiform  as  possible.  The  rocks  and 
the  glass  plate  were  each  numbered  with  India  ink.  These  numbers 
are  used  in  the  tables  given,  to  designate  the  rock  and,  obviously,  the 
surface.  Rocks  numbered  1,  2,  3,  and  4  were  of  weathered  sandstone 
and  rock  number  5  of  weathered  lime-stone. 
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The  surface  of  rock  number  one  was  composed  of  roimded  quartz 
crystak  of  about  the  same  coarseness  as  granulated  sugar.  Rock  number 
two  had  a  surface  somewhat  smoother  than  number  one,  the  particles 
of  sand  were  about  as  coarse  as  table  salt  Rocks  nimibered  four, 
three  and  six  approached,  in  the  order  mentioned,  rock  number  five,  a 
smooth  lime  stone.  Thus  the  rock  surfaces  varied  in  coarseness  or 
roughness  of  surface  from  particles  the  size  of  granulated  sugar  to  a 
comparatively  smooth  surface  in  the  following  order:  one,  two,  four, 
three,  six,  and  five.  For  a  surface  a  grade  smoother  than  the  rocks 
described,  there  was  the  glass  plate  and  the  para£Gui  coating  the  cement 
Practically  the  only  surface  difference  noticed  between  the  glass  and  the 
parafi&n  was,  that  Uie  parafiSn  had  a  slightly  greasy  feeling. 

The  following  explanation  refers  to  tables  1  and  2.  The  total  number 
of  animak  coimted  on  a  given  surface  during  a  set  of  observations  was 
foimd  and  this  number,  divided  by  the  number  of  observations  in  the  set, 
gave  the  average  observation  for  the  set.  This  average  observation  for 
each  set  was  added  and  the  average  of  this  total  gave  the  average  ob- 
servation for  all  the  sets.  Since  only  one  set  of  observations  was  taken 
in  tables  3  and  4,  the  second  average  of  the  sets,  was  not  necessary.  The 
area  of  the  paraffin  and  the  vertical  glass  sides  of  the  dish  covered  by 
water  were  averaged  as  one  surface  (para-glass  in  tables).  This  para- 
glass  surface  was  used  as  the  conunon  unit  area  and  from  this  the  relative 
number  of  animals  resting  on  a  common  unit  surface,  was  computed 
Since  the  paraffin  and  the  vertical  glass  surface  was  so  nearly  alike,  both 
were  averaged  as  one.  With  this  brief  explanation,  the  tables  given 
should  not  be  difficult  to  understand. 

The  data  set  forth  in  table  1  was  proc\ired  in  the  following  way. 
The  observations  were  taken  at  either  ten  or  fifteen  minute  intervab 
and  usually  after  each  observation  the  animals  were  stimulated,  i;e. 
caused  to  move  from  the  place  they  were  resting.  No  distinction  was 
made  between  an  animal  moving  across  and  one  at  rest  on  a  surface. 
This  probably  accoimts  for  the  high  averages  for  the  various  surfaces 
in  table  1.  The  dish  was  frequently  moved  aroimd  to  coimteract  any 
light  reaction,  tho  the  light  apparently  made  no  difference  since  it  came 
vertically  from  above.  A  tendency  to  gather  in  groups  was  also  noticed. 
These  groups  were  usually  found  on  the  paraffin.  The  animals  in  these 
groups  were  alwa5rs  stimulated  after  an  observation. 


Digitized  by  VjOOQIC 


THIGMOTACTIC  REACTIONS  OF  PHAGOCATA  GRACILIS 
Table  1 


113 


No.  of 

Total 

lbs. 

10 

10 

8 

10 

8 

7 

15 

68 

av. 

av. 

av. 

av. 

av. 

av. 

av. 

av.  of 

No.  ^pimft-ls 

Total  no.  of 

setl 

set2 

8et3 

8et4 

set5 

set6 

set7 

all 
obs. 

per  unit 
surface 

animab 
counted 

Rock 

1 

1.70 

1.80 

2.75 

0.70 

2.00 

4.30 

1.60 

2.13 

25.53 

145 

2 

2.40 

1.20 

1.50 

0.40 

2.55 

3.66 

0.46 

1.73 

15.65 

108 

3 

2.10 

3.40 

2.70 

1.10 

2.44 

2.50 

1.05 

2.19 

18.79 

249 

4 

0.90 

4.80 

8.25 

0.50 

2.20 

1.16 

1.90 

2.81 

34.59 

192 

5 

2.30 

2.40 

1.66 

0.80 

1.60 

2.30 

1.90 

1.85 

15.17 

126 

6 

1.40 

1.20 

1.40 

1.30 

1.70 

3.60 

1.26 

1.66 

17.66 

113 

Glass7 

1.70 

0.90 

1.00 

0.70 

1.30 

2.10 

1.20 

1.27 

16.25 

86 

Para- 

glass 

32.70 

28.50 

25.12 

34.50 

28.30 

30.30 

31.86 

30.18 

30.18 

2053 

Observations  showing  number  of  animals  seen  on  each  surface  with  vertical 
illumination  only.  The  time  between  sets  varied  from  a  day  to  a  week.  The  sur- 
faces in  order  from  roughest  to  smoothest  are  as  follows:  one,  two,  four,  three,  six, 
five  and  glass. 

From  table  1  it  is  seen  that  when  all  the  surfaces  have  been  reduced 
to  the  same  unit  area,  the  three  highest  averages  of  animals  resting, 
are  as  follows,  rock  four,  34.59,  parafl5n-glass,  30.18  and  rock  one  25.53. 
The  other  surfaces  have  much  lower  averages  and  do  not  vary  much 
among  themselves.  One  peculiar  fact  to  be  noticed  is  that  rock  one  has 
the  roughest  surface,  the  glass-parafl5n  has  the  smoothest  surface,  and 
intermediate  between  these  two  is  the  surface  of  rock  four.  It  would 
be  well  to  remember  that  after  each  observation  the  animals  were  stimu- 
lated. Since  so  few  animals  were  foimd  resting,  they  were  averaged 
with  those  moving. 

The  data  in  table  2  differs  from  that  foimd  in  table  1,  in  that  all  the 
observations  were  taken  in  a  photographic  dark  room.  An  electric 
light  was  used  only  long  enough  to  record  the  observation.  The  observa- 
tions were  taken  at  intervals  varjong  from  30  minutes  to  an  hour  and  the 
animals  moved  from  their  resting  position  after  each  observation.  As 
a  result  of  the  longer  interval  elapsing,  most  of  the  animals  were  found 
resting  when  the  observation  was  recorded. 
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Table  2 


No.  of 
obs. 

4 

6 

6 

4 

Total 
20 

av. 

av. 

av. 

av. 

av.  of 

No.  of  animals 

Total  no.  of 

set  1 

set  2 

set  3 

set  4 

aUobs. 

per  unit 
surface 

counted 

Rockl 

0.00 

1.50 

1.60 

0.75 

.96 

11.41 

192 

2 

2.00 

3.00 

1.16 

0.25 

1.60 

14.38 

32.00 

3 

1.00 

2.33 

0.80 

2.50 

1.65 

14.15 

33.00 

4 

1.50 

1.50 

0.16 

1.00 

1.04 

12.80 

21.00 

5 

0.25 

1.66 

6.10 

1.00 

2.22 

18.20 

45.00 

6 

1.50 

0.50 

3.00 

3.75 

2.18 

23.06 

44.00 

Glass? 

1.50 

2.30 

1.50 

0.25 

1.38 

17.66 

28.00 

Para- 

glass 

32.75 

25.60 

27.60 

30.75 

29.17 

29.17 

584 

Observations  taken  in  photographic  dark  room  showing  number  of  animab 
counted  on  each  surface.    The  time  between  sets  varied  from  a  day  to  a  week. 

The  surfaces  in  order  from  roughest  to  smoothest  are  as  follows:  one,  two,  four, 
three,  six,  five  and  glass. 

The  averages  of  these  observations  in  table  2  show,  that  when  all 
the  surfaces  have  been  reduced  to  the  same  unit  area,  the  surfaces  having 
the  most  animals  resting  upon  them  are  the  paraffin-glass,  29.17,  and 
rock  six,  23.06.  Rock  six  has  a  comparatively  smooth  surface  of  weather- 
ed lime-stone.    The  averages  for  the  other  surfaces  are  about  the  same. 

After  conducting  the  first  set  of  experiments,  the  results  of  which  are 
foimd  in  tables  1  and  2,  the  glass  was  broken  from  around  the  cement 
block  containing  the  rocks.  The  cement  necessarily  exposed  was  covered 
with  a  coating  of  bees  wax.  The  whole  block,  surface  downward,  was 
then  placed  upon  three  glass  supports,  2.5  centimeters  high,  in  an  en- 
ameled pan.  The  pan  was  then  filled  with  water  until  it  covered  the 
surface  of  the  rocks.  This  apparatus  was  first  put  in  a  photographic 
dark  room,  and  observations  taken  each  hour  by  lifting  the  rocks.  The 
results  were  so  decidedly  negative  that  only  a  few  observations  were 
taken.  See  table  3.  The  animals  not  only  did  not  rest  upon  the  rock 
surfaces  but  were  foimd  scattered  in  average  numbers  over  the  entire 
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bottom  and  sides  of  the  pan.    Only  an  average  number  was  foimd  on 
the  bottom  of  the  pan  imdemeath  the  rocks. 


Table  3 


No.  animals 

Total  no. 

Surface 

Observations 

Av. 

per  unit 
surface 

animals 
counted 

Rockl 

Av. 

2 

1 

0.20 

1.19 

1 

3 

2 

0.40 

3.43 

2 

4 

5 

6 

Glass 

Para. 

Pan 

39 

38 

40 

40 

40 

39.90 

39.90 

237 

One  set  of  five  observations  taken  in  photographic  dark  room  with  the  rocks 
inverted,  showing  the  number  of  animals  coimted  on  each  surface. 

The  surfaces  in  order  from  roughest  to  smoothest  are  as  follows:  one,  two,  four, 
three,  six,  five  and  glass. 


Table  4 


No.  animal 

Total  no. 

Surface 

Observations 

Av. 

per  imit 
surface 

animals 
counted 

Rockl 

2 

1 

0.09 

0.80 

1 

3 

4 

5 

1 

0.09 

0.73 

1 

6 

Glass 

Para. 

1 

1 

0.18 

0.18 

2 

Pan 

40 

40 

40 

40 

39 

40 

39 

40 

38 

39.5 

39.50 

435 

One  set  of  nine  observations  taken  with  vertical  iUumination  only  and  with 
rocks  inverted,  showing  the  number  of  animals  counted  on  each  surface. 

The  surfaces  in  order  from  roughest  to  smoothest  are  as  follows:  one,  two,  four, 
three,  six,  five  and  glass. 
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Tie  same  apparatus  was  then  placed  underneath  the  skyUght  in  a 
room  so  darkened  that  all  the  light  came  from  this  source.  The  same 
negative  results  were  obtained  as  in  the  photographic  dark  room,  though 
the  difference  was  noted  in  that  the  animals  in  this  experiment,  gathered 
on  the  pan  imdemeath  the  rocks,  whereas  in  the  dark  room  this  preference 
was  not  shown. 

According  to  Pearl  ('02),  the  ventral  surface  of  Planaria  maculata 
is  strongly  positively  thigmo tactic;  but  this  does  not  explain  the  ten- 
dency of  the  animals  to  rest  in  angles.  This  resting  in  angles  he  calls 
goniotaxis.  The  physiological  condition  of  reduced  tonus  helps  to 
determine  whether  or  not  the  animal  will  rest  on  a  smooth  surface. 

The  increased  resistance  to  movement  may  be  one  cause  for  stop- 
ping on  the  imeven  surface  tho  the  most  important  factor  is  probably 
light.  Nevertheless,  instances  are  known  where  the  animal  may  stop 
in  a  bright  light,  tho  such  instances  are  rare. 

From  table  1  it  is  seen  that  rock  four  has  an  average  of  34.59  animals 
per  unit  area.  The  surface  of  this  rock  in  degree  of  roughness,  is  mid- 
way between  the  rough  granular  surface  of  rock  number  one  (average 
25.53)  and  parafl5n-glass  (average  30.18).  Table  2  shows  that  the 
parafl5n-glass  surface  (average  29.17)  is  the  highest  per  imit  area,  fol- 
lowed by  rock  six  (average  23.06)  whose  surface  is  of  smooth  weathered 
limestone.  In  tables  1  and  2,  it  will  be  noticed  that  surface  number 
seven  is  of  glass.  This  surface  is  horizontal,  not  vertical  as  is  that 
averaged  with  the  parafl^.  If  the  average  of  this  surface  (16.25  in 
table  1  and  17.66  in  table  2)  were  added  to  the  surface  average  of  the 
parafl^-glass  (average  30.18  in  table  1  and  29.17  in  table  2),  the  total 
average  of  these  surfaces  would  be  46.43  in  table  1  and  46.83  in  table  2. 
This  is  much  higher  than  any  of  the  rough  surfaces.  From  this  the  con- 
clusion may  be  drawn  that  the  animals  prefer  a  smooth  surface. 

Pearl  (*02),  in  describing  the  method  of  locomotion  of  Planaria  macu- 
lata says  that  the  ventral  surface  of  the  body  constantly  secretes  mucus 
in  greater  and  lesser  quanities.  This  is  very  sticky  and  under  normal 
conditions  adheres  to  the  surface  on  which  the  animal  reposes.  Thus 
between  the  animal  and  the  surface  on  which  it  moves  there  will  be  a 
constant  layer  of  mucus.  The  beating  of  cilia  in  this  mucus  pushes  the 
animal  forward.  Considering  this  explanation,  then,  more  mucus  may 
be  secreted  by  an  animal  when  passing  over  a  rough  surface  than  when 
passing  over  one  that  is  smooth.    Likewise  a  regular  granular  surface 
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might  not  have  quite  so  much  eflFect  as  a  very  angular  surface.  Pearl 
C02),  also  suggests  that  the  reduced  physiological  tonus  of  the  animal 
might  cause  it  to  rest  on  the  rough  surface. 

To  find  whether  or  not  more  mucus  was  extruded  and  secreted  when 
passing  over  a  rough  surface  than  over  a  smooth  one,  the  following 
experiment  was  tried.  A  piece  of  ordinary  window  glass  was  scratched 
or  grooved  by  a  diamond  glass  cutter.  The  glass  with  the  grooved 
surface  was  then  placed  in  a  large  petri  dish  and  covered  with  water. 
Some  of  the  animals  were  then  placed  in  the  dish  and  allowed  to  move 
over  the  grooved  surface.  After  an  hour  the  animals  were  removed 
and  the  glass  "developed"  by  immersing  in  Delafields*  hematoxylin, 
which  stained  the  slime  blue.  This  gave  better  results  than  the  method 
used  by  Pearl  (*02),  who  used  a  solution  of  carmine.  This  was  tried 
and  the  carmine  particles  by  adhering  to  the  mucus,  showed  the  tracks 
but  the  mucus  was  not  stained  and  hence  a  close  study  of  it  could  not 
be  made.  The  glass  was  then  broken  so  that  cross  sections  of  the  grooves 
could  be  examined  with  the  microscope.  A  number  of  sections  were 
thus  examined  but  at  no  place  could  a  greater  slime  secretion  be  noticed 
where  the  slime  tracks  crossed  a  groove. 

Thinking  perhaps  that  the  width  and  depth  of  the  grooves  in  a  sur- 
face might  cause  some  difference  in  the  amount  of  slime  secreted,  the 
bottom  of  a  large  petri  dish  was  covered  by  a  layer  of  parafi&n  to  an 
average  depth  of  5  mm.  In  this  parafl5n  were  cut  grooves  varying  from 
0.20  to  3  nmi.  in  width  and  the  same  in  depth.  The  dish  was  then  filled 
with  water  and  in  it  were  placed  some  animals.  The  smaller  grooves 
did  not  seem  to  reduce  the  rate  of  locomotion  of  the  animals.  How- 
ever, when  an  animal  approached  one  of  the  wider  grooves,  it  would 
hesitate,  raise  up  the  anterior  end  of  the  body  and  move  it  to  and  fro, 
then  pass  across  without  touching  the  bottom  of  the  groove. 

After  the  animals  had  been  imdisturbed  for  two  hours,  they  were 
removed  and  the  water  replaced  by  a  solution  of  Delafields'  hematoxylin. 
On  examination  of  the  stained  slime  tracks  it  was  foimd  that  in  few  cases 
was  there  a  greater  amount  of  slime  secreted.  The  slime  strands  did 
not  descend  to  the  bottom  of  the  grooves  but  in  most  cases  were  con- 
tinued on  across  as  a  sort  of  bridge.  In  some  cases  these  strands  were 
broken  but  even  then  no  abnormal  amount  of  slime  was  found.  At 
the  edges  of  the  grooves,  however,  there  were  places  where  there  seemed 
to  be  a  greater  amoimt  of  slime.  These  were  the  places,  probably,  where 
the  animals  hesitated. 


Digitized  by  VjOOQIC 


118  B.  R.  WEIMER 

From  these  results  it  would  appear  that  there  is  the  same  amount  of 
slime  on  all  surfaces  and  that  no  abnormal  secretion  is  caused  by  a  rough 
surface.  Thus  a  change  in  the  ph3rsiological  condition  of  the  animal 
as  caused  by  the  difference  in  mucus  secretion,  would  not  effect  the 
thigmotactic  reaction  to  surfaces  of  varying  roughness  and  smoothness. 

Pearl  ('02),  suggests  that  perhaps  the  rough  surface  offers  more 
resistance  to  movement  than  does  a  smooth  surface.  This  naturally 
would  cause  a  slower  rate  of  locomotion  when  an  animal  was  passing 
over  a  rough  than  when  passing  over  a  smooth  surface  but  since  an  equal 
amoimt  of  slime  is  secreted  on  all  surfaces,  there  should  be  approxi- 
mately the  same  rate  for  all  surfaces.  Accordingly  the  rate  of  locomo- 
tion was  foimd  for  two  surfaces,  the  one  of  rough  sandstone,  somewhat 
coarser  than  rock  one,  and  the  other  glass. 

A  piece  of  white  paper  was  marked  off  in  1  cm.  squares  and  placed 
underneath  a  large  petri  dish  filled  with  water.  The  surface  of  the 
rock  was  marked  off  in  1  cm.  squares  with  waterproof  India  ink  and 
aroimd  the  edges  were  placed  sides  of  pasteboard  to  keep  the  animals 
from  wandering  off  the  surface.  The  rock  was  placed  in  a  galvanized 
pan  which  was  filled  with  water  to  such  a  height  that  the  surface  of  the 
rock  was  covered  to  a  depth  of  2  cm.  The  two  surfaces  were  placed 
underneath  the  skylight  in  a  room  from  which  aU  other  sources  of  light 
were  cut  off. 

The  four  animals  used  in  these  experiments  were  kept  in  separate 
dishes  carefully  marked.  When  the  animals  were  transferred  from  these 
dishes  to  the  surfaces,  a  camers  hair  brush  was  used  in  order  not  to 
injure  them.  In  the  course  of  these  experiments,  animal  number  one 
died,  so  that  most  of  the  tables  show  the  results  of  the  reactions  of 
numbers  two,  three  and  four,  all  of  which  were  active,  healthy,  indivi- 
duals. The  animals  were  placed  on  the  surface  singly,  and  a  number  of 
observations  taken  by  means  of  a  stop  watch,  as  to  the  length  of  time 
required  to  move  over  1  cm.  of  surface.  No  allowance  was  made  for  an 
approximate  deviation  of  2  nun.  from  a  straight  line  in  passing  over  1  cm. 
of  surface. 

The  data  recorded  in  table  5  was  procured  thus.  A  number  of 
observations  of  the  rate  of  locomotion  of  each  animal  was  taken  on  two 
consecutive  days  for  the  glass  surface  and  on  the  two  following  da)rs  for 
the  rock. 
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Ani- 

Rock  1st  day 

Rock  2nd  day 

Av. 

rate  in 

Glass  Ist  day 

Glass  2nd  day 

Av. 
rate  in 

n^ftf 

mm.  per 
sec. 

no.  of 

av.  rate 

no.  of 

av.  rate 

no.  of 

av.  rate 

no.  of 

av.  rate 

obs. 

in  mm. 

obs. 

in  mm. 

obs. 

in  mm. 

obs. 

in  mm. 

sec. 

1 

15 

0.92 

15 

1.23 

1.07 

10 

0.74 

0.74 

2 

15 

0.80 

15 

1.10 

0.95 

16 

1.43 

18 

1.2 

1.31 

3 

15 

1.05 

15 

1.17 

1.11 

17 

1.47 

18 

1.46 

1.46 

4 

15 

0.97 

15 

1.24 

1.10 

18 

1.38 

18 

1.47 

1.42 

Observations  showing  the  rate  of  locomotion.    Observations  taken  on  one 
surface  only  each  day 

Table  5  shows  that  the  average  rates  per  second  of  animals  number 
three  and  four  are  the  highest,  being  1.11  mm.  and  1.1  mm.  on  the  rock 
and  1.46  mm.  and  1.42  mm.  on  glass.  This  shows  a  difference  in  rate 
of  speed  per  second  between  the  glass  and  the  rock  of  0.35  mm.  and  0.32 
mm.  Animal  number  two  shows  a  difference  per  second  of  .36  nmi.  In 
these  three  instances  the  animals  moved  more  rapidly  on  the  glass. 
However,  a  further  examination  shows  that  an  animal  in  twenty-four 
hours  time  will  vary  in  rate  of  locomotion  on  the  rough  surface  .31  mm. 
and  on  the  smooth  .21  mm.  per  second.  Walter  ('02),  who  tested  the 
rate  of  speed  on  glass  only,  foimd  that  the  rate  varied  from  1.22  mm.  to 
.96  per  second.  So  the  variation  in  rate  between  the  two  surfaces  can 
scarcely  be  attributed  wholly  if  at  all,  to  the  difference  between  the  two 
surfaces  but  to  some  other  factor.  This  is  further  proven  by  a  study 
of  tables  6  and  7. 

The  data  in  tables  6  and  7  differs  from  that  in  table  5  somewhat. 
A  number  of  observations  on  the  rate  of  locomotion  of  an  animal  was 
taken  first  on  one  surface  and  immediately  on  the  other.  Several  hours 
later  another  set  of  observations  was  taken.  This  lessened  the  chance 
for  so  great  a  change  physiologically  as  to  effect  the  speed.  The  results 
are  seen  in  tables  6  and  7. 

Table  6  shows  at  8.00  the  maximum  difference  of  speed  of  all  the 
animals,  between  the  two  surfaces  to  be  .16  mm.  per  second.  At  2KX) 
the  maximum  difference  is  .1  nun.  per  second. 
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Tabu  6 


time 

Rock 

Oaas 

AninuL] 

no.  of  obt. 

av.  rate  in  nun. 
per  sec. 

no.  of  obs. 

av.  rate  in  nun. 
per  sec 

2 

8J0 

8 

1.15 

7 

1.21 

3 

until 

7 

0.98 

7 

0.92 

4 

IIKX) 

9 

1.17 

7 

1.01 

2 

2:00 

7 

0.99 

9 

0.99 

3 

until 

7 

1.02 

9 

1.12 

4 

4K)0 

7 

1.01 

5 

1.11 

Observations  showing  rate  of  locomotion.    AD  the  observations  were  taken  on 
one  day. 

Table  7 


time 

Rock 

Glass 

Animal 

no  of  obs. 

av.  rate  in  mm. 
per  sec. 

no.  of  obs. 

av.  rate  in  mm. 
per  sec 

2 
3 
4 

9K)0 
until 
UKX) 

5 
7 
7 

1.06 
1.01 
1.19 

7 
8 
8 

1.36 
0.98 
1.24 

2 
3 
4 

1:30 
until 
3K)0 

5 
7 
7 

1.03 
1.01 
1.19 

7 
7 
4 

1.12 
1.17 
1.33 

Observation  showing  rate  of  locomotion.    All  the  observations  were  taken 
on  one  day. 

Table  7,  a  day  later,  shows  the  Tnaximiim  difference  in  rate  at  nine 
o'clock  to  be  .3  mm.  per  second  and  at  1:30  o'clock  to  be  .16  mm.  per 
second.  Further,  in  some  cases  the  rate  of  speed  is  greater  on  the  rock 
than  on  the  glass. 

The  difference,  then,  m  rate  of  locomotion  between  a  smooth  surface 
and  a  rough  surface  is  so  small  as  to  be  almost  negligible.    This  further 
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shows  that  the  amount  of  slime  extruded  and  secreted  is  not  increased 
for  a  rough  surface  since  this  would  probably  reduce  the  speed  of  the 
animal. 

According  to  Pearl,  ('02),  the  method  of  locomotion  in  Planaria 
maculata  is  by  means  of  the  dlia  beating  in  the  mucus  strands.  Think- 
ing that  perhaps  a  study  of  the  dlia  and  hypodermis  might  throw  some 
light  upon  the  thigmotaxis  and  locomotion  of  these  animals,  some  work 
was  done  upon  the  histological  structure  of  Phagocata  gracilis. 

Planarian  tissue  is  one  of  the  most  difficult  of  animal  tissues  to  study 
because  it  is  so  hard  to  fix  properly  and  to  stain.  A  fixative  may  give 
good  results  in  one  case  and  not  in  another.  Five  different  fixing  fluids 
were  tried,  hot  Gilson's,  hot  and  cold  corrosive-acetic,  twenty-five  per 
cent  solution  of  nitric  acid,  hot  corrosive  sublimate  and  a  fixative  recom- 
mended by  Woodworth,  ('91),  made  up  of  a  satiuated  solution  of  cor- 
rosive sublimate  in  fifty  percent  nitric  add;  of  these,  corrosive  sublimate 
gave  the  best  results.  Of  the  various  stains,  borax-carmine,  picro- 
carmine,  neutral  red,  picric  add  and  carmine  (aqueous),  Delafidds  hema- 
toxylin, EhrUch's  hematoxylin  and  eosin  gave  the  best  results.  The 
sections  were  cut  6.6  microns  thick.  In  all  about  thirty  animals  were 
studied. 

The  study  was  made  prindpally  of  the  hypodermis.  On  the  ventral 
side,  figure  2,  it  is  made  up  of  strongly  ciliated  colimmar  epithelial  cells 
These  contain  large  subcircular  nuclei,  nu,  with  evenly  distributed 
chromatin  granules.  Definite  cell  walls  between  the  cells  could  not  be 
distinguished.  Between  the  cells  are  spindle  shaped,  homogeneous 
bodies,  the  rhabditi,  rb,  which  (Woodworth,  '91)  are  developed  in  sub- 
cutaneous flask-shaped  cells  which  are  ectodermic  in  origin.  These  were 
supposed  to  be  homologous  to  the  nematocysts  of  the  Coelenterata  but 
later  were  supposed  to  be  gland  secretions.  Underneath  the  hypodermis 
is  a  homogeneous  layer,  the  basement  membrane,  bm.  Under  this 
is  foimd  the  different  muscle  layers  and  the  body  parenchyma,  figure  1. 

The  dorsal  hypodermis,  figure  3,  is  made  up  of  colimmar  epithelial 
cells  somewhat  longer  than  those  on  the  ventral  surface.  No  cilia  were 
found  on  these  cells  except  near  the  edges  of  the  animal.  The  rhabditi, 
rb,  were  much  larger  and  more  numerous  than  on  the  ventral  hypodermis. 
They  were  foimd  in  groups  of  two  or  three.  So  thick  were  these  that 
the  nudei  of  the  cells,  in  many  cases,  were  pressed  out  of  shape  and  often 
concealed.    The  nuceli,  nu,  of  the  cells,  when  seen,  appeared  to  have 
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the  same  structure  as  those  in  the  ventral  side.  Beneath  the  cell  layer 
is  found  the  basement  membrane,  bm.  It  is  somewhat  wider  than  on 
the  ventral  surface  but  has  the  same  appearance.  Beneath  this  mem- 
brane are  the  muscle  layers  and  the  parenchyma,  mus.  par.  Imbedded 
in  the  parenchyma  are  numerous  rhabditi  mother  cells,  rb.  mc,  figiu^  1. 

According  to  Woodworth,  (*91)  these  rhabditi  rapidly  disintergrate 
when  extruded  into  the  water  to  form  a  slime  which,  by  entangling  the 
prey,  aids  the  animal  in  procuring  food.  They  may  also  be  used  for 
protection.  Whether  or  not  these  rhabditi  play  any  part  in  the  locomo- 
tion of  the  animal,  I  was  unable  to  determine. 

In  reviewing  the  literature  on  planaria  there  seems  to  be  a  difference 
of  opinion  among  investigators  regarding  the  distribution  of  dlia  on 
the  surface  of  the  animal.  Pearl  ('02)  finds  none  on  the  dorsal  surface 
of  Planaria  maculata.  Metschinikow  ('66)  and  Kennel,  (79),  found 
cilia  covering  the  whole  surface  of  Rhynchodesmus  and  Geodesmus 
but  Zacharias,  ('88),  states  that  the  dorsal  surface  of  a  variety  of 
Goedesmus  is  bare.  Vejdowsky,  ('90),  maintains  the  same  for 
Microplana,  the  cilia  in  the  latter  cases  being  confined  to  the  ven- 
tral surface  or  sole.  Woodworth,  ('91),  foimd  the  ciUa  on  Phagocata 
gracilis  (collected  near  Cambridge,  Mass.)  to  cover  the  entire  surface 
of  the  body.  I  was  able,  tho  I  used  the  same  technique  as  Woodworth, 
to  find  cilia  only  on  the  ventral  surface  and  sides  of  the  animal  How- 
ever, these  animals  were  collected  in  Falling  Run,  Morgantown,  W.  Va. 
This  difference  in  locaUties  may  account  for  the  variation  in  dliation. 
Mosely,  '74,  explains  that  this  absence  of  dlia  on  the  dorsal  surface  of 
BipaUum  may  be  due  to  the  fact  that  the  cilia  on  the  dorsal  surface  of 
land  planarians  are  weaker  thru  comparative  lack  of  function  and  are 
more  easily  destroyed  by  reagents.  However  this  is  still  an  undecided 
question. 

Summary 

The  results  in  tables  1  and  2  show  that  there  is  a  preference  shown  for 
a  smooth  surface  rather  than  a  rough  one. 

Tables  3  and  4,  are  interesting  in  that  they  substantiate  the  results 
found  by  Olmstead,  ('17),  that  unfed  Planaria  maculata  are  positively 
geotropic,  that  is  to  say,  have  a  tendency  to  keep  the  ventral  side  toward 
the  stimulus  of  gravity.  Likewise  these  results  show  that  Phagocata 
gracilis  is  strongly  negatively  phototropic. 
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Since  no  mucus  was  found  filling  the  grooves  and  cracks  in  the  glass, 
it  is  dear  that  there  must  be  no  abnormal  secretion  of  mucus  and  this 
is  fiuther  strengthened  by  the  results  found  in  tables  5, 6  and  7,  that  there 
is  an  almost  constant  rate  of  locomotion  on  both  a  smooth  and  a  rough 
surface.  The  last  three  tables  also  show  that  there  is  a  variation  in 
rate  of  locomotion  which  may  be  due  to  the  different  physiological  states 
of  the  animal. 

A  histological  study  of  the  hypodermis  discloses  the  fact  that  no 
dlia  could  be  found  on  the  dorsal  side  of  the  animal,  which  may  be  due 
to  a  difference  in  the  variety  of  the  variety  of  the  animals,  since  Wood- 
worth,  ('91),  found  dlia  on  the  dorsal  hypodermis  of  the  same  spedes, 
collected  in  New  England. 

Conclusions 

1.  Phagocata  gracilis  is  positively  thigmotactic  to  a  smooth  surface. 

2.  This  is  not  due  to  varjdng  amounts  of  mucus  secreted. 

3.  Phagocata  gracilis  is  positively  geotropic  and  strongly  negatively 
photo  tropic. 

4.  The  rate  of  locomotion  is  the  same  for  both  a  rough  and  am  sooth 
surface. 

5.  No  dlia  are  found  on  the  dorsal  surface  of  Phagocata  gracilis 
collected  at  Morgantown,  W.  Va. 

UniversUy  of  W.  Va. 
Morgantown,  W.  Va. 
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Explanation  of  Plate 

Plate  XI 
Fig.  1.    Transverse  section  of  the  animal  anterior  to  the  mouth,  X  22. 
Fig.  2.    Portion  of  the  ventral  hypodermis,  X  2000,  aiq>roximatdy. 
Pig.  3     Portion  of  dorsal  hypodermis,  X  2000,  i^[)prozimately. 


Lettering 


hm.  basement  membrane 

cU.  dlia 

c.  mus.  cdrcular  muscle 

hyp,  hypodermis 

/.  cU,  limit  of  dlia 

/.  mus.  longitudinal  muscle 


mus.  muscle 

mus.  par.  muscle  and  parenchyma 

nu,  nucleus 

par.  parenchyma 

ph.  pharynx 

rb.  rhabite 


rb.  mc.  rhabdite  mother-cell 


N, 
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ADDITIONS  TO  OXJR  KNOWLEDGE  OF  UNIONICOLA 
ACULEATA  (KOENIKE)* 

BY 

EsMEST  Cabsoll  Faust 

The  material  of  Unionicola  aculeata  (Koenike)  on  which  this  paper 
is  based  was  secured  from  one  of  many  specimens  of  LampsiUs  luteola 
Lamarck,  from  North  Judson,  Indiana.  The  host  was  determined  by 
Mr.  Frank  C.  Baker,  Custodian  of  the  Natural  History  Museum  of  the 
University  of  Illinois.  The  general  organization  of  the  mite  conforms 
to  the  type  species  described  by  Koenike  (1890),  but  certain  interesting 
variations  and  certain  structures  yet  inadequately  described  deserve 
to  be  made  a  matter  of  record. 

U,  aculeata  was  originally  described  from  Germany  by  Koenike,  as 
similar  in  many  respects  to  U.  crassipes  (Miill.)  and  in  others  to  U. 
figuralis  (Koch).  It  differs  from  the  former  in  the  exact  structure  of  the 
palpus,  in  the  number  and  distribution  of  the  genital  acetabula,  and  in 
the  structure  of  the  chitinous  ovipositor.  Wolcott  (1899)  describes  this 
species  from  Michigan.  The  mite  recorded  by  Soar  (1899)  as  Atax  tav- 
emeri  has  also  proved  to  be  U,  aculeata.  Piersig  (1901)  has  made  two 
subspecies  of  U.  aculeata,  separating  the  American  form,  U,  aculeata 
sayiy  from  the  European  form,  U,  aculeata  aculeata,  on  the  basis  of  the 
number  of  the  tarsal  claws,  comparative  lengths  of  the  leg  segments, 
exact  relations  of  the  parts  of  the  genital  field,  and  a  slight  size  difference. 

The  specimens  collected  by  the  writer  conform  to  those  described 
by  Wolcott  in  most  respects.  In  size  they  belong  to  Piersig's  smaller 
group,  since  the  female  measures  about  680m  long  and  the  male 
measures  about  640  m  long. 

Wolcott's  spedmens  have  a  terminal  segment  to  the  female  palpus 
which  is  somewhat  attenuate  distad,  ending  in  four  small  claws.  In  the 
writer's  material  the  palpus  has  a  more  distinctly  thickened  terminal 
joint,  with  two  finger-like  daws  and  two  thumb-like  daws  in  the  female 
and  with  two  finger-like  daws  and  only  one  thumb-like  claw  in  the  male. 
The  penultimate  joint  of  the  palpus  in  Wolcott's  material  has  a  needle 
spine  which  is  not  present  in  the  North  Judson  material.  In  the  female 
of  this  material  the  basal  segment  is  in  each  case  the  thickest  of  the  six. 

^Contributions  from  the  Zoological  Laboiatoiy  ot  the  Univenity  of  Illinois 
under  the  direction  of  Heniy  B.  Ward.    No.  111. 
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The  joints  are  progressively  narrower  and  longer  from  base  tx)  tip.  In 
the  female  there  are  three  conspicuous  spurs  on  the  ventral  side  of  the 
basal  joint,  and  two  undivided  sickle-shaped  claws  at  the  end  of  each 
tarsus.  Long  needle  spines  are  prominent  on  segments  two  to  four. 
Soar  (1899)  figures  the  claws  of  the  first  leg  as  cleft,  a  feature  which 
Wolcott  (1899)  describes  for  both  U,  aadeata  and  U,  crassipes,  while 
those  of  the  writer's  material  are  entire  as  in  legs  two  to  four. 

Perhaps  the  most  interesting  feature  of  the  entire  body  structure 
of  U.  aculeala  b  the  heteromorphic  fourth  leg  of  the  male.  On  this 
appendage  both  the  joints  and  spines  are  curiously  modified  so  that  they 
present  a  striking  ornate  appearance  (fig.  5).  The  tarsus  is  a  long  atten- 
uate flat  plate  as  in  the  female,  with  two  undivided  terminal  claws  and 
two  accessory  spines.  The  main  shaft  of  the  tarsus  is  free  from  spines. 
The  tibia  is  short  and  thick  with  seven  needle  spines,  two  large  heavy 
spines  and  one  small  spine.  The  third  segment  has  three  large  and  three 
small  blunt  spines,  in  two  parallel  lines  at  the  outer  edge  of  the  joint 
The  fourth  and  fifth  joints  are  both  shorter  than  joint  three  altho  not 
as  short  as  the  tibia.  They  are  both  supplied  with  several  short  bristles. 
The  basal  joint  is  irregularly  sculptured  and  bears  four  spines. 

The  genital  field  of  the  female  resembles  closely  that  described  by 
Wolcott,  altho  the  cleft  between  the  two  plates  is  not  distinguishable  as 
a  separate  structure  and  no  posterior  papillae  are  found  in  the  writer's 
material.  The  external  male  genital  organs  (fig.  3)  are  very  complicated, 
consisting  of  an  ornate  sculpture  of  chitin,  to  which  prominent  muscle 
bands  are  attached. 

A  thoro  study  of  the  new  material  and  comparison  with  that  described 
by  Koenike,  Wolcott,  and  Soar,  shows  the  wide  range  of  variability 
within  the  species,  while  at  the  same  time  it  discredits  Kersig's  separation 
of  the  species  into  two  subspecies.  It  seems  much  more  desirable  to 
regard  the  species  simply  as  highly  variable  rather  than  to  maintain  a 
subdivision,  since  the  lesser  similarities  and  differences  grade  into  each 
other  almost  imperceptibly  in  various  specimens. 

Unionicola  acideata  has  been  credited  by  some  as  a  parasite  of  the 
Unionidae  and  by  others  as  free-swimming.  Koenike  (1915)  has  shown 
that  it  is  free-swimming  during  a  considerable  part  of  its  life  and  seeks 
the  mussel  at  times  of  metamorphosis  and  propagation.  This  fixes  our 
knowledge  of  the  periodicity  of  the  parasitism,  but  leaves  us  in  the  dark 
with  regard  to  the  degree  of  parasitism.    The  mites  described  in  this 
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paper  were  found  embedded  in  the  subdermal  connective  tissue  of  the 
mantle  and  foot  of  the  mussel  (fig.  6).  Their  position  was  related  to  no 
definite  axis  of  the  host.  Aroimd  it  was  a  thhi  tissue  C3rst.  In  no  case 
were  they  found  to  have  injured  the  host  outside  of  the  cyst.  Thus, 
altho  an  endoparasite,  the  evidence  shows  it  to  be  only  a  temporary 
lodger. 

UnioersUy  of  lUinais. 
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Explanation  of  Plate  Xn 

Fig.  1.  Donal  view  of  female  palpus,  X  226;  fig.  2,  ventral  view  of  first  leg  of 
female,  X  140;  fig.  3,  male  genital  organs,  X  140;  fig.  4,  female,  ventral  view,  X 100; 
fig.  5,  heteromoiphic  third  leg  of  male,  X  140;  fig.  6,  section  thru  outer  portion  of  foot 
of  LampsUis  luteola,  with  encysted  Unionicola  acuUata^  X  140. 
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DEPARTMENT  OF  NOTES  AND  REVIEWS 

It  18  the  purpose,  in  this  dqMurtment,  to  present  &om  time  to  time  brief  original 
notes,  both  of  methods  of  woi^  and  of  results,  by  members  of  the  Society.  All  mem- 
bers are  invited  to  submit  such  items.  In  addition  to  these  there  will  be  given  a  few 
brief  abstracts  of  recent  woi^  of  more  general  interest  to  students  and  teachers.  There 
will  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations, 
and  to  the  isolated  student  suggestions  of  suitable  fields  of  investigation. — [Editor.] 


METHODS  FOR  STUDYING  LIVING  TREMATODES 

Studies  on  the  living  animal  are  of  great  importance  in  morphological 
work  on  the  Trematoda.  Such  studies  have  been  entirely  neglected  by 
most  workers  on  the  group.  I  believe  that  an  increased  use  of  living 
material  in  the  study  of  trematodes  will  make  it  possible  to  advance  the 
knowledge  of  the  group  more  rapidly  and  to  avoid  many  errors.  Mater- 
ial of  living  larvae  and  adult  trematodes  is  easily  obtained  for  class  use, 
and  its  use  adds  greatly  to  the  students'  interest.  Abundant  material 
of  sporocysts,  rediae  and  cercariae  can  usually  be  obtained  by  the  exami- 
nation of  freshwater  snails  and  material  for  the  study  of  adults  from  the 
intestines  or  lungs  of  frogs  or  snakes. 

In  miraddia  or  cercariae  careful  studies  on  locomotion  reveal  inter- 
esting specific  characters,  which  may  give  hints  of  the  type  of  host  in 
which  further  development  is  carried  on.  The  power  of  extention  and 
contraction  is  so  great  in  most  trematodes,  especially  in  larval  stages, 
that  a  true  conception  of  size  and  shape  can  be  only  gained  from  the 
living  animal.  The  pattern  of  the  excretory  system  can  only  be  made 
out  from  living  material.  In  fact  it  is  almost  impossible  without  care- 
ful studies  in  the  living  condition  to  define  sufficiently  the  structure  of  a 
cercaria  to  insure  specific  determination.  The  amoimt  of  detail  of 
structure  which  can  be  quickly  obtained  from  the  study  of  Uving  trema- 
todes is  often  surprising.  In  one  small  distome  about  2  mm.  in  length 
it  was  possible  from  one  living  specimen  not  only  to  work  out  the  con- 
nections of  the  reproductive  ducts  and  to  gain  some  idea,  from  the  direc- 
tion of  the  beat  of  the  dlia,  of  the  functioning  of  the  parts,  but  also  to 
make  a  camera  ludda  drawing  under  the  oil  inunersion  of  the  connections 
of  the  female  ducts. 

Agamodistomes  and  adults  for  live  study  should  be  transferred  to 
slides  in  normal  saline  solution  and  covered  with  thin  cover  glasses. 
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The  water  should  be  slowly  removed  from  the  preparation  with  a  piece 
of  blotting  paper  until  the  pressure  of  the  cover  glass  slightly  flattens 
the  fluke  without  injuring  any  of  its  structures.  Such  a  preparation, 
when  carefully  sealed  with  vaseline,  will  often  remain  a  whole  day  in 
perfect  condition  for  study  and  can  be  examined  even  with  an  oil  immer- 
sion lens.  Sporocysts,  rediae  and  cercariae  are  usually  found  in  large 
numbers  in  the  digestive  gland  of  the  gasteropod  host.  The  fully 
developed  cercariae  should  be  mounted  for  study  in  the  water  from  which 
the  snails  are  obtained,  and  the  sporocysts,  rediae  and  immature  cer- 
cariae in  normal  saline.  By  slowly  removing  the  water  from  beneath 
the  cover  glass  with  blotting  paper,  cercariae  so  small  that  they  are 
almost  invisible  to  the  naked  eye  can  be  slowed  down  and  flattened  so 
that  they  can  be  studied  imder  the  highest  powers  of  the  microscope. 
When  dealing  with  small  forms  it  is  easier  to  make  new  mounts  as  the 
one  being  studied  becomes  too  dry,  than  it  is  to  try  to  make  a  prepara- 
tion more  permanent. 

At  every  stage  of  compression  different  structures  are  brought  out 
Just  before  a  cercaria  goes  to  pieces  in  the  process  of  drying  the  smaller 
tubules  of  the  excretory  system  are  distended  and  the  movements  of  the 
flame-cells  accentuated,  so  that  they  become  clearly  visible.  By  careful 
observations  and  the  use  of  a  number  of  preparations  the  number  and 
position  of  the  flame-cells  and  the  relation  of  the  tubules  can  be  gradually 
traced  until  the  whole  pattern  of  the  excretory  system  is  understood  and 
recorded.  By  this  method  I  have  been  able  to  work  out  the  excretory 
systems  of  miraddia,  rediae,  agamodistomes  and  small  adult  trematodes. 
The  pattern  of  one  system  containing  one  hundred  and  twenty  flame- 
cells  was  successfully  solved.  I  know  of  no  other  way  by  which  such  a 
complicated  excretory  system  could  be  worked  out.  The  compound 
binocular  microscopes  recently  put  on  the  market  have  proven  very 
helpful  in  the  type  of  studies  described  above.  This  instrument  is  easy 
on  the  eyes  and  gives  depth  to  the  object  observed.  Several  intra  vitam 
stains  have  been  tried.  So  far  no  method  of  intra  vitam  staining  has 
been  found  which  gives  a  better  picture  than  the  unstained  animal. 

William  Walter  Cort. 

University  of  California. 
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A  SUBSTITUTE  FOR  EUPARAL 

In  his  original  paper  (La  Cellule,  23,  427,  1906)  Professor  Gilson 
omitted  the  method  of  preparing  this  medium  because  of  its  difl&culties 
and  referred  the  matter  to  Griibler  and  Holborn.  Under  present  cir- 
cumstances it  will  perhaps  not  be  a  breach  of  etiquette  to  submit  a  method 
which  yields  a  medium  with  similar  index  and  properties.  According  to 
Gilson,  Euparal  is  a  solution  of  Sandarac  in  a  mixture  of  Eucalyptol, 
Paraldehyde,  and  Camsal. 

Paraldehyde  and  eucalyptol  can  be  purchased  of  any  chemist's  supply 
house.  They  should  be  dry  and  neutral.  If  purchased  from  the  drug- 
gist, who  will  probably  substitute  oil  of  eucalyptus,  they  should  be  redis- 
tilled, reserving  the  fraction,  119°  to  124°  for  paraldehyde,  and  175-177° 
for  eucalyptol.  The  druggist's  stock  is  in  both  cases  about  one-third 
something  else. 

Camsal  is  made  by  taking  three  parts  of  salol  and  two  parts  of  cam- 
phor, and  warming  gently  until  completely  liquid.  Thereafter  the 
mixtiu-e  remains  Uquid,  but  should  be  kept  well  stoppered. 

Sandarac  as  purchased  is  full  of  dust  and  ants.  It  may  be  purified 
as  follows:  30  grams  of  sandarac  are  placed  in  a  200  cc.  flask  and  150  cc. 
of  absolute  alcohol  added.  Let  stand  with  occasional  shaking  until 
dissolved.  This  mixture  is  rather  sensitive  to  water  vapor  from  the  air 
and  should  be  handled  accordingly.  Filter  the  solution  thru  a  good 
filter  paper  into  a  300  cc.  flask.  This  is  best  done  by  resting  the  short 
funnel  in  the  neck  of  the  receiving  flask  and  covering  the  whole  with  a 
bell  jar  under  which  some  anhydrous  caldum  chloride  is  placed.  Filtra- 
tion is  much  more  rapid  than  Mayer's  albumin.  The  receiving  flask  is 
now  fitted  with  a  two-hole  stopper.  Thru  one  hole  passes  a  glass  tube  in 
which  a  cotton  filter  has  been  placed;  to  catch  dust,  the  rubber  connections 
must  of  course  be  clean.  This  filter  is  connected  to  a  calcium  chloride 
dr3dng  tower  to  remove  water  vapor.  The  other  hole  is  connected  thru 
a  receiving  flask,  if  the  alcohol  is  to  be  recovered,  and  thence  to  an 
aspirator.  Air  is  passed  while  the  solution  of  gum  is  warmed  gently  to 
50-60°.  Do  not  bubble  air  thru  the  solution,  that  being  unnecessary  and 
injurious.  As  the  soludon  becomes  thicker  the  temperature  may  be 
slowly  raised  to  70°  and  finally  to  80°  to  remove  the  last  of  the  alcohol. 
When  the  gum  is  moderately  brittle  on  cooling  the  operation  is  ended. 

To  the  gum  in  the  same  flask,  add  20  cc.  Eucalyptol,  10  cc.  Paralde- 
hyde, 10  cc.  Camsal,  cork  and  warm  gently  until  a  homogeneous  solu- 
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tion  is  obtained.  This  gives  a  medium  with  an  index  n=  1.483  to  1.486. 
The  index  can  be  raised  or  lowered  slightly  by  varjing  the  proportions 
used  in  making  the  solvent.  Thus,  the  indices  of  the  ingredients  are 
about:  Eucalyptol  1.456;  Paraldehyde  1.39,  this  varies  with  the  pre- 
paration used;  Camsal  1.534;  Sandarac  1.525.  The  essence  d'euparal 
is,  of  course,  the  solvent  mixture  used  above.  The  green  tint  maitioned 
by  Gilson  as  due  to  a  certain  copper  salt  is  probably  copper  abietinate 
which  can  be  had  of  Merck  or  can  be  made  of  sufficient  purity  by  any 
student  in  the  organic  chemistry  laboratory. 

In  my  experience  there  is  less  difficulty  in  preparing  this  medium 
than  with  some  of  the  staining  mixtures.  It  takes  time  but  also  little 
attention.  Slides  mounted  several  months  ago  are  in  excellent  condi- 
tion and  as  near  as  one  can  judge  the  medium  acts  like  Euparal.  Sec- 
tions can  be  mounted  from  80%  alcohol,  either  with  or  without  passing 
thru  the  essence. 

£.  S.  Shepherd. 

Geophysical  Laboratory, 
Waskingkm,  D.  C. 

chromosomes  of  ranatra  sp? 

During  the  summer  of  1914  while  working  on  the  male  germ  cells  of 
another  type,  I  prepared  and  sectioned  some  testes  from  a  species  of 
RatuUra  collected  about  Madison,  Wis.  The  large  number  of  chromo- 
somes together  with  what  seemed  to  be  a  very  puzzling  polymorphism 
of  spermatocytes  induced  me  to  defer  a  further  investigation  till  a  later 
time.  Recently  the  work  upon  this  form  has  been  resumed  and  has 
progressed  to  a  point  where  a  preliminary  and  tentative  statement  may 
be  made. 

The  testes  in  the  later  n)maph  stages  are  especially  valuable  for  sec- 
tioning as  they  present  in  many  cases  the  whole  history  of  the  germ  cells 
from  the  last  spermatogonial  divisions  to  mature  spermatozoa.  Sex 
organs  from  adults  collected  in  the  spring,  and  up  to  mid-summer  are 
also  generally  favorable,  but  specimens  taken  in  late  summer  and  fall 
show  very  few  division  stages. 

My  first  material  was  composed  of  several  testes  from  animals  col- 
lected in  mid-summer  and  at  that  time  believed  to  belong  to  but  one 
spedes.    All  of  these  were  prepared  together  for  study.    Observations 
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upon  this  mixed  material  show  that  there  are  at  least  two  types  of  testes 
as  regards  the  chromosomes. 

The  first  type  has  spermatogonia  with  40  chromosomes  of  various 
sizes;  primary  spermatocytes  with  21,  all  of  which  divide  equally;  second- 
ary spermatocytes  with  21,'two  of  which  do  not  divide  but  pass  directly 
into  different  spermatids  each  of  which  then  possess  20  chromosomes. 
The  two  chromosomes  which  do  not  divide  in  the  second  division  act 
as  a  typical  XY  pair  and  always  appear  near  the  center  of  the  chromosome 
group  in  this  division  but  their  behavior  is  not  suflSciently  different  to 
enable  them  to  be  identified  before  this  stage. 

The  second  type  has  spermatogonia  provided  apparently  with  8  or 
10  more  chromosomes  than  the  first  type.  The  primary  and  secondary 
spermatocytes  seem  to  have  as  a  distinguishing  mark  a  group  of  very 
small  chromosomes  near  the  center  of  the  larger  group.  Neither  the 
niunber  nor  the  behavior  of  the  chromosomes  in  the  spermatids  has  been 
determined  although  some  interesting  conditions  are  suggested  by  the 
rather  meager  observations  made  to  date. 

Another  interesting  though  not  necessarily  important  fact  is  that 
among  the  individuals  collected  in  July  few  possessed  testes  of  the 
second  type  while  a  large  percentage  of  those  collected  in  September  did 
possess  cells  of  that  type. 

In  addition  to  the  interest  attached  to  spermatogenesis  these  forms 
seem  to  offer  an  opportunity  to  determine  possible  correlation  between 
the  chromosome  differences  and  somatic  variations  as  soon  as  the  indivi- 
dual origin  of  the  two  kinds  of  germ  cells  can  be  determined. 

A.  M.  Chickering. 
Beloii  College. 

notes  on  collecting  and  mounting  rotifers 
C.  F.  Rousselet,  the  veteran  English  naturalist  (J.  Q.  M.  C,  Nov. 

1917)  sums  up  methods  which  he  has  worked  out  for  collecting, 

handling,  preserving  and  mounting  rotifers. 

For  a  collecting  stick  he  reconunends  a  walking  stick  with  a  telescopic 

joint,  with  a  ring  net  6x53^  inches  and  6  inches  long,  made  of  bolting  silk 

No.  15  or  16.    Silk  lasts  longer  than  mull  and  does  not  clog  or  shrink  as 

it  does. 
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The  bottled  materiak  collected  are  placed,  on  reaching  home, 
in  aquaria  with  7x7  inch  parallel  sides  one  and  one-fourth  inch  in 
depth  from  back  to  front  After  a  few  hours  the  debris  will  have 
settled,  and  if  a  strong  light  be  placed  at  one  face  of  the  aquarium  the 
free-swimming  rotifers  will  collect  on  the  side  toward  the  light,  and  can 
be  discovered  with  a  lens  and  be  picked  up  with  a  pipette.  In  solid 
watch  glasses  these  general  collections  can  be  examined  quickly  for  new 
species  with  the  low  power  of  the  binocular  and  unfamiliar  forms  trans- 
ferred to  the  live-box  or  the  micro-glass  trough  for  special  study. 

Narcotising  the  mass  of  rotifers  in  the  watch  glass  is  readily  effected 
by  1%  cocaine.  They  may  be  killed  and  fixed  by  a  drop  of  J^  to  J^% 
osmic  acid.  They  should  be  exposed  to  the  osmic  add  for  a  minute  only 
and  then  removed  to  formalin  of  2^%  strength,  changing  it  several 
times  until  well  washed. 

The  sorting  out  of  different  species  is  done  under  the  binocular  by 
means  of  a  bristle  moimted  in  a  suitable  handle.  They  are  then  picked 
up  with  a  fine  pipette  and  placed  in  an  appropriate  micro-cell,  and  finally 
mounted  in  2J^%  formalin. 

The  ringing  of  the  micro-cells  may  be  done  as  follows:  first  a  thin 
ring  of  picture  copal  varnish;  then  several  coats  of  Heath's  cement 
(gold  size-shellac-India  rubber);  finally  fimshing  with  three  more  coats 
of  gold  size. 

METHODS  OF  PRESERVING  CERTAIN  MARINE  BIOLOGICAL  SPECIMENS 

F.  Martin  Duncan  (J.  R.  M.  S.,  Dec.  1917)  brings  together  methods 
which  he  has  found  most  practical  and  successful  in  preserving  marine 
plant  and  animal  life  and  in  preparing  it  for  microscopic  examination. 
Many  of  these  methods  are  standard;  but  summarizing  some  of  them  may 
be  of  value. 

AnaestheUsing 

Place  the  smaller  and  specially  sensitive  medusae  in  just  sufficient 
sea-water  for  free  expansion  and  swimming,  and  add  two  drops  of  1% 
solution  of  hydrochloride  of  cocaine,  gently  stirring  with  a  glass  rod. 
Repeat  at  five  minute  intervak  until  the  tentacles  do  not  contract  when 
gently  touched.  Add  10-20  cc.  of  4%  formaldehyde  solution,  stirring 
for  several  minutes.  Store  in  10%  formaldehyde.  Do  not  allow  speci- 
mens to  remain  in  cocaine  longer  than  absolutely  necessary  before  adding 
the  formaldehyde,  as  the  former  softens  the  jelly  of  the  medusae. 
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The  author  regards  cocaine  as,  on  the  whole,  the  best  anaesthetic  for 
the  most  of  the  smaller  forms  of  marine  life.  Solutions  of  coadne  must 
be  made  anew  since  they  do  not  keep  well — ^becoming  filled  with  fungoid 
growths. 

Hydroid  zoophytes,  simple  and  compoimd  ascidians,  holothurians, 
anemones,  and  the  like  may  be  stupefied  effectively  with  menthol. 
This  is  slow  in  action  and  does  not  simulate  to  contraction.  The  animals 
are  submerged  in  clean  sea-water  and  methol  crystals  are  strewn  over 
the  surface.  Their  solution  is  slow,  and  in  twelve  or  twenty-foiu*  hours 
depending  on  the  size  and  sensitiveness  of  the  animals  and  the  amount 
of  water,  the  specimens  will  be  narcotised  in  an  extended  position,  and 
may  then  be  killed  and  fixed  in  any  suitable  fluid. 

Fixing 

The  author  prizes  Bouin's  fluid  (Picric  add,  saturated  aqueous  solu- 
tion, 75  parts;  formalin  25  parts;  glacial  acetic  add,  5  parts)  as  the  best 
fixative  for  histological  purposes.  It  has  great  power  of  penetration, 
kills  quickly,  and  fixes  well.  It  allows  after  treatment  of  the  most  varied 
sort.  Next  in  desirability  he  considers  saturated  solution  of  corrosive 
sublimate. 

Weak  osmic  add  (a  few  drops  of  a  J^%  solution  added  to  the  water 
in  which  the  organisms  are)  is  suggested  for  marine  Protozoa.  Radio- 
laria  are  effectively  killed  and  fixed  in  corrosive  sublimate.  Sphasrozoa 
give  good  results  in  equal  parts  of  sea  water  and  70%  alcohol  with  a 
trace  of  tinctiu*e  of  iodine  added. 

For  Echinoderm  larvae  an  exposure  of  four  minutes  to  a  cold  satura- 
ted solution  of  corrosive  sublimate  is  recommended.  For  whole  moimts 
dilute  cochineal  stain — as  Mayer's  alcoholic  cochineal  formula. 

Small  sponges  are  placed,  on  collection,  in  1%  solution  of  osmic  add 
and  left  there  for  five  minutes,  then  transferred  to  strong  alcohol  and 
changed  twice.    Stain  sections  in  Mayer's  alcoholic  cochineal. 

Compoimd  asddians  with  contractile  zooids  may  be  handled  to 
advantage  by  pladng  in  clean  sea  water,  narcotizing  with  methol, 
and  then  plunging  for  three  to  ten  minutes  in  gladal  acetic  add.  Wash 
in  50%  alcohol  and  pass  thru  successive  grades  to  a  preserving  strength. 
Use  no  metal  in  the  operation. 

For  small  Crustacea,  both  larvae  and  adults,  first  treatment  with  5% 
formaldehyde  in  sea  water  is  recommended.    Transfer  to  70%  alcohol. 
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For  demonstration  mounts  it  is  necessary  to  guard  against  overstaising. 
Weak  alcoholic  picro-carmine  cleared  in  turpineol  is  advocated  as  a 
means  of  staining. 

THE  SILVERMAN  ILLUMINATOR  FOR  MICROSCOPES 

This  illimiinator,  invented  by  Professor  Alexander  Silverman  of  the 
School  of  Chemistry,  University  of  Pittsburg,  is  a  small,  circular  tube 
lamp  which  can  be  fitted  quickly  to  any  objective.  It  moves  up  and 
down  with  the  barrel  and  furnishes  a  diffused  and  uniform  illuminatioQ 
at  the  exact  place  where  it  is  needed.  It  is  suitable  both  for  low  and  high 
power  work,  and  may  be  used  both  for  direct  examination  and  for  photo- 
graphy of  opaque  objects. 

Much  structural  detail  is  revealed  by  this  device  which  the  older 
forms  of  illumination  do  not  give.  It  is  a  low  voltage  tungsten  lamp,  and 
may  be  supplied  either  in  colorless  glass  or  in  daylight  (blue)  ^ass. 
Its  life  is  about  100  hours.  There  is  no  image  of  the  source  of  illumina- 
tion nor  does  the  light  strike  the  front  of  the  lens  except  as  reflected  from 
the  object. 

The  intensity  of  the  hght  reaching  the  eye  is  lower  than  in  other 
types  of  illumination,  and  yet  because  it  is  directed  upon  the  spot  ob- 
served the  observer  sees  more.  There  is  no  glare,  no  waste  light,  no 
unduly  contracted  pupil,  no  unnecessary  eye  strain. 

The  lamps  are  manufactured  by  Ludwig  Hommel  &  Co.,  Pitts- 
burg, Pa. 
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Attention  of  members  of  the 
AMERICAN  MICROSCOPICAL   SOCIETY 

is  cmlled  to  the  announcement  of  Grants 

from  the  Spencer-Tolles  Research  Fond. 

(See  TRANSACTIONS.  July,  1913) 

These  awards  are  to  stimulate  and  aid  research  in 

Microscopic  work 

I.    The  Grantee  must  be  a  member  of  the  Society. 

9.    Resulting  discoveries  must  first  be  offered  for  publication  in  the 

Society  Transactions. 
3.    Application  should  be  made  to  Dr.  Henry  B.  Ward,  Chm., 
Urbana,  III 


NOTICE  JO  MEMBERS 

It  is  a  source  of  regret  to  the  Editor  that  the  Transactions  can- 
not be  issued  as  dated.  The  issue  is  dependent,  however,  upon  the 
income  of  material  from  the  members,  and  must  await  upon  a  certain 
d^[ree  of  balance  in  the  material  as  well  as  quantity  of  material. 

The  Secretary  will  consider  it  a  favor  if  members  will  notify 
him  of  non-receipt  of  numbers  of  the  Transactions,  and  of  changes 
of  address. 

Correspondence  relative  to  membership,  publication,  exchanges, 
advertising,  etc.,  should  be  addressed  to  the  Secretary-Editor. 

T.  W.  Galloway, 

Secretary-Editor, 

Beloit,  Wisconsin. 
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INTRODUCTION 

Nematodes  present  material  for  a  wide  variety  of  investigations. 
Not  only  is  the  group  very  incompletely  known,  especially  the  free-living 
^>ecies,  but  much  also  remains  to  be  learned  about  their  life  jHoccsses. 
One  of  the  fertile,  outstanding  possibilities  for  investigati(m  rdates 
to  the  remarkable  features  of  reproduction  presented  by  these  animals. 
Maupas  (*00)  and  others  have  pointed  out  the  striking  diversity  in  the 
methods  of  reproduction  and  the  possibilities  of  this  group  m  extending 
the  knowledge  of  sex  determination,  origin  of  parthenogenesis,  odgiD 
of  bisexuality,  and  the  nature  of  hermaphroditism.  The  dcvdopmcnt 
of  methods  hereby  these  animals  can  be  maintained  in  pure  cultures 
for  indefinhe  periods  adds  to  their  value  as  material  for  critical  study. 
In  this  paper,  the  writers  present  results  of  observations  on  cultures 
maintained  continuously  for  more  than  three  yesis.  The  data  toon 
presented  are  general  in  character  and  the  results  of  study  of  certam 
special  problems  will  appear  at  a  later  date. 

The  writers  wish  to  express  their  indebtedness  to  Dr.  N.  A.  Cobb  for 
the  identification  of  the  specimens  used  in  this  work  and  to  Mr.  A.  L 
Ford  who,  during  the  absence  of  the  writers,  maintained  the  cultures 
through  the  smnmer  months  of  1917. 

METHODS  OF  CULTURE 
In  connection  with  the  work  on  which  this  paper  is  based,  the  writers 
had  occasion  to  use  a  number  of  methods  for  rearing  nematodes  in  arti- 
ficial media.  Previous  investigators  devised  means  whereby  certam 
free-living  and  parasitic  nematodes  could  be  maintained  for  a  number 
of  generations  under  laboratory  conditions  and  some  of  their  results 
were  used  to  advantage  in  the  present  work.  In  some  cases,  previously 
known  methods  have  been  modified,  while  in  others,  new  procedures 
were  developed.    It  is  obvious  that,  in  order  to  study  these  animak 
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successfuDy,  they  must  be  reared  under  conditions  other  than  those  of 
the  natural  environment  and  the  fact  that  they  can  be  cultured  in  arti- 
ficial media  for  indefinite  periods  of  time  makes  it  possible  not  only  to 
observe  continuously  the  details  of  activities  and  of  life  history  but  also 
to  carry  on  a  large  variety  of  experiments.  The  writers  maintained 
continuous  cultiures  of  Diphgaster  carivara  and  Cephalobus  dubius  for 
over  three  years.  Cultiures  of  the  latter  are  still  imder  observation 
and  are  all  descendants  of  one  original  stock.  Since  the  published 
methods  of  rearing  the  smaller  nematodes  appear  in  scattered  sources, 
the  more  important  ones  will  be  given  brief  notice  here.  In  addition, 
the  methods  employed  by  the  writers  will  be  discussed  in  detail. 

Methods  of  Other  Investigators 

Conte  ('OOa,  p.  374)  cultured  RhdbdiUs  monohystera  by  employing 
as  nutritive  media  ^'la  coUe  de  p&te  tr^  epaisse  les  solutions  de  peptone 
et  les  tranches  de  pomme  de  terre.  Ces  cultures  etaient  faites  dans 
des  assiettes  couvertes  et,  d'autre  part  siu:  porte-objets  en  isolant  im 
femelle  f&ond^  dont  j'etudiais  ensuite  la  descendance."  He  was 
also  able  ('OOb,  p.  376)  to  rear  Diplogaster  longicauda  "dans  la  coUe  de 
pftte." 

Metcalf  ('03,  pp.  93-98)  reared  a  nematode  of  imcertain  identity 
{RhabdUis  brevispina  ?),  foimd  in  diseased  corms,  yoimg  stalks  of  Crocus 
and  cuttings  of  PePunia,  Coleus,  and  Gerantum  on  plates  of  asparagus 
agar.  Sterile  agar  was  imsuitable,  but  a  one  per  cent  asparagus  juice 
agar,  inoculated  with  a  Fusarium  and  the  bacteria  which  occurred  with 
the  original  stock  of  the  nematodes  and  allowed  to  decay  for  about 
two  weeks,  was  satisfactory  after  it  had  been  heated,  filtered,  and  steri- 
lized. In  this  medium,  sterilized  eggs  developed  rapidly  and  normally. 
A  certain  fluidity  of  the  mediiun  was  foimd  to  be  desirable. 

Potts  CIO,  pp.  443-446)  readily  cultiured  certain  free-living  nematodes 
(Diphgaster  maupasi,  RhabdUis  gurneyi,  RhabdUis  elegans,  RhabdUis 
duUnersi,  RhabdUis  sechdlensis)  in  drops  of  nutrient  media  in  watch- 
glasses  closed  with  a  vaselined  glass  cover.  Solutions  of  "brown"  and 
"white"  peptone,  used  almost  exclusively  as  the  media,  were  allowed 
to  putrify  until  a  cloudy  growth  of  bacteria  had  formed  throughout  them. 
In  the  presence  of  large  numbers  of  bacteria,  the  nematodes  thrived 
but,  in  sterile  solutions,  growth  was  suspended  and  eggs  were  deposited 
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only  at  long  intervals.  Potts  did  not  record  tlie  strength  of  the  peptone 
solutions — a  matter  of  im]x>rtance  since,  as  will  be  shown  later,  an  excess 
of  peptone  has  a  deleterious  effect  on  the  worms.  Two  or  three  successive 
generations  were  reared  in  a  saturated  solution  of  geladn  in  water,  and 
mature  individuals  were  secured  from  eggs  in  "solutions  of  amides  like 
tyrosin  and  leudn"  but  restriction  of  both  growth  and  egg  production 
indicated  that  these  media  were  inferior  to  pq>tone.  Beef  infusion  was 
also  used  to  a  very  limited  extent. 

Oliver  ('12)  cultured  an  unknown  nematode,  found  in  the  exudate 
about  the  genitalia  of  dead  guinea  pigs,  in  a  medium  made  by  inoculating 
a  Uttle  of  this  exudate  onto  moist  earth  and  slants  of  Musgrave's  amoeba 
agar,  kept  at  a  temperature  of  about  75^  F.  Successful  subcultures 
were  also  made  by  using  plain  agar  and  ascites  agar,  plain  agar  and 
amceba  agar  giving  the  best  results. 

Johnson  ('^3,  pp.  612-618)  was  able  to  culture  Rhabditis  pdUoy  a 
parasite  of  the  nephridia  of  the  common  earthworm  (Lumbricus  tenes- 
iris),  by  methods  somewhat  similar  to  those  used  by  Potts,  Conte,  et  al. 
Filtered  tap  water  or  salt  solution  in  watch-glasses  to  which  were  added 
certain  food  materials  constituted  the  basis  of  the  cultures.  The  watch- 
glasses  were  either  covered  individually  by  means  of  a  vaselined  glass 
cover,  or  else  several,  without  covers,  were  placed  in  a  himiid  chamber 
which  gave  a  larger  air  space  but  minimized  evaporation.  The  culture 
medium  was  replenished  from  time  to  time.  Experiments  with  Witte's 
peptone  showed  that  a  nearly  saturated  solution  quickly  proved  fatal 
to  the  nematodes  and  the  same  result  accon^)anied  weaker  solutions 
until  a  0.15  per  cent  strength  was  reached.  Although  very  dilute,  this 
solution  proved  satisfactory  for  one  series  of  cultures,  but  afterwards  it 
was  almost  uniformly  unsuccessful.  A  one  per  cent,  hay  infusion  was 
successful  for  only  one  series.  Meat  extract,  deca3dng  meat,  a  solution 
of  urea,  and  a  hay  infusion  sterilized  and  inoculated  with  soil  bacteria 
were  all  virtually  useless.  Decaying  earthworm  had  an  advantage  over 
peptone  in  nutritive  value,  but  presented  the  disadh^ntages  of  requiring 
special  treatment  to  prevent  introduction  of  nematodes  aheady  presoit 
in  the  worm;  of  becoming  increasingly  opaque  as  decay  advanced,  thus 
rendering  examination  difficult;  and  of  occasionally  becoming  foul 
smelling  and  densely  clouded,  causing  the  death  of  all  of  the  nematodes. 
The  best  medimn  was  prepared  by  removing  the  alimentary  tract  from 
freshly  killed  Lumbricus  terrestris  and  plaqing  the  body  in  a  test  tube 
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which  was  then  plugged  with  cotton-wool,  heated  in  a  steamer  and  kept 
at  a  boiling-point  for  about  two  hours,  decanted,  filtered,  and  inoculated 
with  the  bacteria  which  were  associated  with  the  worm  in  the  soil.  These 
bacteria  were  secured  by  allowing  a  fresh  Lumbricus  terrestris  to  decay  in 
a  small  amount  of  water  to  which  a  little  earth  had  been  added.  Hiis 
medium  also  possessed  the  disadvantage  of  occasional  development  of 
bad  odor  and  opaque  scum,  leading  to  the  death  of  the  entire  culture. 

ByBis  ('14)  made  use  of  a  synthetic  medium,  Pfeflfer's  nutrient  agar, 
in  connection  with  some  studies  of  the  plant  nematode  Hekrodera  radici- 
cola  and  foimd  it  suitable  for  the  preliminary  development  of  the  worms 
up  to  their  penetration  into  the  tissues  of  experimental  seedlings  grown 
in  the  same  medium.  Most  of  the  individuals  which  remained  outside 
of  the  root  of  the  seedling  died  within  a  few  days,  although  a  few 
remained  active  for  more  than  a  month.  The  latter,  however,  did  not 
undergo  their  normal  development  into  adults.  It  will  be  shown  later 
that  this  medium  is  much  more  successful  for  certain  other  species. 

Merrill  and  Ford  ('16,  pp.  121,  126)  found  that  Diplogaster  Idbiata 
flourished  in  water  cultures  to  which  had  been  added  portions  of  the 
macerated  bodies  of  the  beetle  Saperda  tridenUUa — ^the  host  of  this  nema- 
tode. They  state  that  "DiflFerent  substances  were  tried  with  varying 
success,  but  macerated  beetles  placed  in  water  seemed  to  be  the  most 
satisfactory  "  but  these  "  different  substances  "  were  not  specified.  They 
also  reared  Diplogaster  carivora  in  similar  preparations. 

Methods  of  the  Writers 
Equipment 
The  writers  had  occasion  to  employ  9.  variety  of  culture  methods 
demanding  a  corresponding  variety  of  equipment.  Most  of  the  cultures 
were  maintained  in  cells  constructed  as  follows:  Cylindrical  glass  mount- 
ing-cells with  ground  edges  were  sealed  to  ordinary  glass  microscope 
slides  by  means  of  pure  vaseline  and  covered  with  a  drcular  cover-glass, 
the  diameter  of  which  was  slightly  greater  than  that  of  the  glass  mount- 
ing-ceD.  The  cover-glass  was  also  sealed  on  with  vaseline.  For  stock 
cultures,  the  most  suitable  glass  moimting-cell  was  found  to  be  one  having 
a  diameter  of  20  mm.  and  a  height  of  10-15  mm.,  preferably  15  mm. 
These  tall  cells  made  it  possible  to  maintain  a  greater  volume  of  the 
liquid  culture  medium,  thus  providing  for  a  larger  stock  and,  more  im- 


Digitized  by  VjOOQIC 


146  WELCH  AND  WEHRLE 

portant  stiU,  minimizing  the  danger  of  cultures  drying  out  since  it  was 
discovered  that  they  could  not  be  sealed  tightly  but  demanded  at  least 
a  small  opening  at  the  top.  They  offered  the  disadvantage  ol  bong 
too  high  for  examination  with  anything  but  very  low  powers  of  the  com- 
poimd  microscope.  It  was  possible,  however,  to  use  the  binocular 
microscope,  and  since  there  was  little  occasion  to  use  the  stock  cultures 
for  purposes  other  than  maintenance,  this  disadvantage  was  of  little 
consequence. 

Cultures  maintained  for  experimental  or  detailed  observational  work 
were  kept  in  glass  moimting-cells  of  another  size,  viz.,  diameter,  20  mm.,. 
height,  6  mm.  Such  a  cell  surroimded  a  space  large  enough  to  enclose 
a  drop  of  the  culture  mediiun  without  involving  the  danger  of  the  latter 
coming  into  contact  with  the  vaselined  edges  of  the  cell,  a  precaution 
which  had  to  be  observed  rigidly.  That  height  also  permitted  examina- 
tion with  the  ordinary  low  powers  of  the  compound  microscope  without 
removing  the  cell  from  the  supporting  sUde. 

Many  of  the  glass  mounting-cells  used  in  this  work  have  walls  1  mm. 
thick.  Cells  having  walls  of  2  mm.  thickness  were  found  more  advan- 
tageous, especially  for  stock  cultures,  owing  to  the  greater  vaselined 
area  in  contact  with  the  slide,  thus  minimizing  the  danger  of  the  wat^y 
medium  leaking  out  and  permitting  the  culture  to  dry  up.  The  thinna^ 
cells  were  in  more  constant  use  owing  to  the  difl5culty  of  obtaining  the 
thicker  ones,  and,  if  care  was  taken  to  thoroughly  vaseline  the  ground 
edges  and  press  them  down  onto  the  slide,  they  were  quite  satisfactory. 

In  special  cases  when  greater  space  or  capacity  was  desired,  small 
stender  dishes  were  used.  A  limited  use  was  made  of  a  group  of  glass 
mounting-cells  sealed  to  the  bottom  of  a  Petri  dish.  For  rapid  observa- 
tion of  isolated  individuals,  Petri  dishes  alone  were  used  for  one  series, 
large  drops  of  the  nutrient  medium  retaining  their  identity  when  placed 
on  the  dry,  clean  glass  but  not  in  contact  with  each  other. 

At  times,  culture  slides  of  two  kinds  were  used  in  place  of  the  j^ 
moimting-cells  mentioned  above.  One  form  is  the  heavy  plate  ^ass, 
76  x  26  mm.  slide,  5  nun.  thick  and  with  a  central,  circular  depression 
4  mm.  deep,  and  covered  by  sealing  on  a  circular  cover -glass  with  vase- 
line. This  form  of  receptacle  was  satisfactory  in  many  respects  but 
was  not  usable  for  individual  cultures  because  of  its  depth.  Further- 
more, it  is  more  expensive  than  the  glass  mounting-celL  The  other 
culture  slide  is  the  ordinary  76  x  26  mm.  form,  having  a  central,  shallow 
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concavity  with  maximuTn  depth  of  about  1  mm.,  closed  by  a  vaselined 
circular  cover-glass.    This  type  is  useful  for  individual  cultures. 

Needles  for  transferring  eggs,  larvae,  and  adults  from  one  culture 
to  another  were  in  constant  use.  These  instruments  were  made  by 
setting  into  a  small  handle  a  fine  needle,  the  pomt  of  which  had  been 
bent  into  a  small  recurved  hook.  It  was  foimd  convenient  to  have 
several  of  these  needles  whose  points  were  bent  at  different  degrees. 
Ordinary  insect  pins  of  sizes  0  and  00  were  used  to  some  extent  but  the 
most  useful  form  was  the  Japanned  steel  "Minuten  Nadeln"  commonly 
used  for  pinning  minute  insects.  These  pins  made  especially  useful 
needles  because  of  their  very  small  diameter  and  extremely  fine  pomts, 
thus  facilitating  their  manipulation  under  the  high  power  of  the  bino- 
cular microscope  and  their  use  in  transferring  the  minute  nematodes. 

Transferring  brushes,  which  for  part  of  the  work  were  used  instead 
of  needles,  were  made  from  small  cameFs  hair  brushes  by  carefully  cut- 
ting out  the  brush  imtil  a  very  small  central  tiift  of  3-5  hairs  remained. 
Such  a  brush  was  often  used  for  transferring  eggs. 

Pipettes  of  the  ordinary  form  were  in  common  use  for  handling  the 
various  fluids  employed  in  the  work.  In  order  to  avoid  contamination 
of  the  cultures,  it  was  necessary  to  keep  these  pipettes  properly  labeled 
and  thoroughly  clean.  A  special  form  of  pipette  for  removing  specimens 
or  for  removing  deteriorating  culture  fluids  was  made  by  drawing  out 
in  a  flame  the  open  end  of  an  ordinary  straight  pipette  imtil  the  opening 
was  only  about  0.3  mm.  in  diameter. 

Media 

In  culturing  nematodes,  it  is  necessary  to  use  some  substance  which 
wiU  serve  directly  or  indirectly  as  food  for  the  animals.  The  writers 
have  tried  out  a  number  of  substances  some  of  which  have  been  distinctly 
successful.  Since  the  same  substances  were  not  in  every  case  employed 
for  both  of  the  species  reared,  the  culture  methods  of  each  will  be  dis- 
cussed separately. 

Practically  all  of  the  culture  media  were  more  favorable  imder  con- 
ditions of  dilution,  in  fact,  some  of  the  most  successful  ones  demanded 
extensive  dilution,  otherwise  they  were  inimical  to  the  worms.  Dis- 
tilled water  was  uniformly  used,  thus  eliminating  the  danger  of  contami- 
nating the  cxiltures  from  that  source,  as  woxild  be  the  case  with  tap-water. 
Preliminary  experiments  with  both  Cephalobus  dubius  and  Diplogaster 
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arivora  showed  that  all  stages  of  the  life  history  lived  for  some  time, 
several  deiys  in  many  cases,  in  distilled  water  alone,  and  when  a  small 
amount  of  nutritive  substance  was  added,  the  medium  became  suitable 
for  continuous  culture.  Apparently,  the  usual  toxicity  of  ordinary 
distilled  water  had  no  deleterious  effect  on  the  worms. 

Difdogaster  ctrivora. — Since  the  original  stock  of  this  species  was 
found  in  the  eggs  of  grasshoppers,  the  yolk  of  these  eggs  was  at  first 
used  as  a  medium  and,  as  might  be  expected,  gave  good  results.  Eggs 
from  a  number  of  species  of  grasshoppers  appeared  to  be  of  equal  value. 
Owing  to  the  occasional  difficulty  or  inconvenience  in  getting  grasshc^p^ 
«ggs,  the  eggs  of  certain  Cocdnelidae,  of  the  Colorado  potato  beetle,  oi 
certain  unidentified  insects,  and  the  ovaries  of  grasshoppers  were  success- 
fully substituted.  Furthermore,  the  softer  tissues  of  young  grasshopper 
nymphs,  army  worm  pups,  vari^ated  cutworm  pupae,  Hessian-fly 
pups,  and  pups  of  a  mmiber  of  other  insects  were  found  to  constitute 
good  media  when  prepared  in  the  proper  way.  It  is  very  probable  that 
a  wide  variety  of  insect  eggs  and  tissues  would  serve  this  piupose  equally 
well. 

The  procedure  in  the  use  of  the  above  mentioned  substances  dq>ended 
upon  the  kind  of  culture  desired.  Most  of  the  stock  cultures,  as  well  as 
the  majority  of  the  life  history  cultures,  were  maintained  in  the  glass 
mounting-cells  ahready  described.  When  grasshopper  eggs  were  used, 
they  were  first  carefully  cleaned  externally  and  stripped  of  their  shells, 
-since  fragments  of  the  latter  when  present  tend  to  render  the  examination 
of  the  culture  more  difficult  The  contents  were  placed  in  a  small 
amount  of  distilled  water  and  thoroughly  triturated  in  order  (1)  to  dis- 
tribute more  imif  ormly  the  yolk  throughout  the  culture  and  render  it  more 
readily  available  to  the  nematode,  and  (2)  to  facilitate  the  examination 
of  the  material  for  evidence  of  previous  nematode  infestation,  thus  aiding 
in  the  maintenance  of  pure  cultures.  This  precaution  is  necessary  since 
small  nematodes  often  occur  on  the  surface  and  apparently  within  some 
of  these  insect  eggs  and  pups.  The  writers  foimd  them  in  connection 
with  Hessian-fly  puparia,  both  on  the  surface  and  apparently  in  the 
pups,  although  in  the  latter  case  there  is  the  possibility  that  they  mig^t 
have  been  included  by  manipulation.  However,  Marchal  has  rqx»rted 
Osbom,  '98,  p.  41)  nematodes  in  the  puparia  of  this  insect  Insect 
tissues  mentioned  in  a  foregoing  paragraph  were  sometimes  used  in  a 
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similar  way,  removing,  of  course,  all  fragments  of  the  integument.  The 
proper  amount  of  the  diluted  nutriment  was  placed  in  the  glass  moimting- 
cell  which  already  contained  the  appropriate  amoimt  of  distilled  water. 

The  method  of  adding  the  food  materials  thus  prepared  was  deter- 
mined by  the  purpose  of  the  culture.  For  stock  cultures,  two  or  three 
drops  from  a  pipette  were  added  every  3-5  days  to  the  1-1.2  c.c.  of  dis- 
tilled water  in  the  mounting-cell.  A  larger  amount  of  food  could  be 
added  without  serious  resxdts  to  the  organisms  but  it  was  not  needed  for 
nutritional  purposes,  and  it  had  the  disadvantage,  at  least  in  certain 
cases,  of  tending  to  increase  the  opacity  of  the  culture. 

When  there  was  any  occasion  for  using  large  quantities  of  the  material 
for  a  medium,  good  results  were  secured  by  putting  sterilized  soil  in  a 
covered  stender  dish,  moistening  it  liberally  with  distilled  water,  and 
transferring  to  it  a  pupa  or  other  food  object  which  was  then  perforated 
and  inoculated  with  the  nematodes  from  a  stock  culture.  These  cul- 
tures lasted  for  considerable  periods  of  time,  developing  nematodes  in 
quantities. 

While  the  above-described  methods  were  satisfactory,  it  was  incon- 
venient in  the  maintenance  of  a  long  series  covering  different  seasons  of 
the  year  to  keep  a  constant  supply  of  the  food  materials  at  hand  and  to 
have  a  continuous  stock  of  any  one  kind  for  experimental  purposes.  For 
that  reason,  a  search  was  made  for  some  food  which  is  approximately 
constant  in  composition  and  easily  available  at  any  time.  Among 
other  things,  the  yolk  of  hen's  egg  was  tried  and  found  successful  Ex- 
periments with  different  amounts  of  this  substance  showed  that,  in  a  cul- 
titte  containing  1-1.3  c.c.  of  distilled  water,  the  nematodes  thrived  when 
the  quantity  represented  by  three  or  four  dippings  of  the  points  of  ordin- 
ary forceps  into  the  yolk  was  added.  Almost  any  larger  amoimt  may 
be  used  but  increased  opacity  and  the  occasional  undue  putrefaction 
make  it  undesirable.  Amounts  of  food  represented  by  one  or  two  dippings 
of  the  forceps  were,  in  general,  found  to  be  distinctly  inferior  in  resxdts 
and  evidently  represent  too  poor  a  culture.  A  single  hen's  egg  supplied 
food  material  for  a  number  of  days.  A  small  opening,  approximately 
1  cm.  in  diameter,  was  made  through  the  shell  and  the  adjacent  albimien 
allowed  to  escape.  Sterile  forceps  were  used  to  lift  out  the  desired 
quantities  of  the  yolk  and  then  the  opening  in  the  shell  was  sealed  over 
with  a  gummed  label  or  piece  of  gummed  doth  and  the  egg  kept  in  a  cool 
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place.  When  needed  again,  the  gummed  covering  was  removed,  the 
desired  quantity  of  yolk  secured,  and  the  opening  again  sealed.  The 
amount  of  yolk  adhmng  to  the  points  of  forcqps  is  variable  but  the 
method  was  found  to  be  both  rapid  and  practical  in  the  operation  of 
ordinary  cultures. 

Liebig's  extract  of  beef,  diluted  to  different  degrees  with  distilled 
water,  was  tried  as  a  nutrient  medium  and  found  to  be  usable  so  far  as 
maintaining  the  animab  was  concerned  but  its  partial  opacity  unpaired 
its  usefulness. 

Since  B3^ars  ('14,  p.  323)  foimd  Pfeffer's  synthetic  agar  useful  in 
culturing  certain  nematodes  parasitic  on  plants,  it  occurred  to  the  writers 
to  experiment  with  it  as  a  possible  mediimi  for  rearing  Diplogaster  ariwra. 
The  mediimi  used  was  as  follows:  calcium  nitrate,  4  grams;  potassium 
nitrate,  1  gram;  magnesium  sxilphate,  1  gram;  potassium  dihydrogen 
phosphate,  1  gram;  potassium  chloride,  0.5  gram;  ferric  chloride,  trace; 
distilled  water,  6  liters;  and  agar,  12  grams.  The  formula  used  by  Byars 
calls  for  powdered  agar  but  the  writers  used  the  shredded  agar  cut  up 
into  small  bits.  This  fluid  was  used  directly  from  the  stock  solution 
without  change  and,  while  it  appears  from  all  the  trials  that  it  is  some- 
what inferior  to  certain  other  media  used,  nematodes  were  maintained  in 
this  solution  for  long  periods  of  time.  According  to  the  experience  of  the 
writers,  cultures  in  this  medium,  when  properly  cared  for,  are  fairly 
satisfactory,  but  since  there  was  some  evidence  of  inferiority,  parallel 
series  of  tests  were  carried  on  for  20  days,  comparing  the  relative  merits 
of  Pfeffer's  solution  and  hen's  egg  as  media.  Using  the  rate  of  develop- 
ment and  reproduction  as  indices  of  the  value  of  the  media,  four  of  the 
five  series  showed  evidence  of  the  superiority  of  the  hen's  egg,  one  of  the 
five  showing  a  slight  advantage  for  the  Pfeffer's  solution. 

Maceration  cultures  used  by  the  writers  have  already  been  described 
and  it  seems  very  probable  that,  barring  the  danger  of  contamination, 
they  might  be  effective  and  that  a  number  of  different  animals  could 
be  used  as  sources  of  food  supply.  Mr.  A.  L.  Ford  reared  Diplogaster 
arivora  for  one  year  on  the  macerating  bodies  of  adult  Saperda  trid&Ma 
and  HydrophUus  triangularis.  He  also  foimd  it  possible  to  use  macerated 
beef  but  the  cultures  proved  somewhat  unsatisfactory  because  of  the 
offensive  odor.  This  nematode  was  found  by  Merrill  and  Ford  ('16) 
parasitizing  termites  and  Mr.  Ford  has  informed  the  senior  writer  that 
he  tried  the  macerating  bodies  of  these  insects  as  a  medimn  but  found  it 
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unusable  since  a  mould  almost  invariably  appeared  in  the  cultures,  filling 
them  with  threads  and  obscuring  the  entire  preparation.  The  writers 
also  tried  macerated  termites  with  similar  lack  of  success  from  the  same 
cause. 

Cephalobus  dubius. — ^Maupas  (W,  p.  611,  613)  found  some  difficulty 
in  culturing  the  parthenogenetic  nematodes,  induding  this  species,  stat- 
ing that  "elles  se  prfttent  mal  k  des  qultures  en  grand."  However,  the 
writers  have  been  able  to  culture  Cephalobus  dubius  in  countless  numbers 
at  any  time.  Since  studies  of  this  spedes  were  not  begun  until  cultures 
of  Diplogasier  carivora  had  been  in  progress  for  about  two  years,  the 
methods  which  had  proved  most  satisfactory  were  tried  for  Cephalobus 
dubius  and  were  likewise  found  to  be  successful.  Several  series  of  cul- 
tures were  maintained  in  Pf eflFer's  solution  but  many  of  the  life  history 
studies  were  made  using  the  hen's  egg  preparation.  Both  media  were 
used  as  described  in  the  preceding  section,  and  both  proved  suitable  for 
prolonged  cultures,  indications  pointing  to  the  hen's  egg  being  slightly 
preferaWe.  Grasshopper  eggs,  Colorado  potato  beetle  eggs,  and  pup« 
of  Hessian-fly  also  proved  suitable  but  were  not  always  readily  available. 

As  has  been  mentioned,  other  workers  made  some  use  of  peptone 
as  a  nutrient  mediiun  for  the  culture  of  nematodes.  After  a  niunber 
of  trials  with  different  strengths  of  peptone,  a  solution  was  found  which 
has  proved  thoroughly  satisfactory  and,  at  the  present  writing,  cultures 
of  Cephalobus  dubius  have  been  nmning  in  this  mediiun  for  months,  with- 
out any  indication  of  weakness.  The  strength  of  solution  used  by  Potts 
is  not  given  in  his  paper.  Johnson  discovered  that  strong  solutions 
are  inimical  to  the  nematodes  and  that  dilution  to  as  low  as  0.15  per 
cent,  was  necessary,  this  strength  proving  satisfactory  for  one  series 
of  RhabdiUs  pellio.  The  writers  have  had  a  similar  experience,  finding 
that  strong  solutions  kill  Cephalobus  dubius  in  a  short  time  but  that 
very  weak  ones  are  quite  effident.  In  the  work  on  which  this  paper  is 
based,  0.8-4.6  per  cent,  solutions  were  used.  In  fact,  it  was  found  im- 
necessary  to  make  up  solutions  of  definite  strength,  except  for  special 
studies,  since  the  stock  cultures  could  be  kept  in  flourishing  condition 
by  occasionally  (every  four  to  six  days)  adding  to  the  water  in  the  moimt- 
ing-cell  containing  the  nematodes  the  small  amoimt  of  peptone  which 
would  adhere  to  the  point  of  a  common  dissecting  needle.  This  method 
of  measure  was,  of  course,  subject  to  variation  but  within  its  limits  the 
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varying  quantity  seemed  to  produce  no  appreciable  effect  on  the  cultures 
and  indicated  a  range  of  over  five  per  cent  within  which  the  solution 
is  suitable.  The  exact  maTimuin  and  minimuin  dilutions  for  this  q[>edes 
were  not  determined.  It  should  be  mentioned  in  this  connection  that 
even  longer  intervals  between  "feeding"  were  possible  if  necessity  de- 
manded. The  writers  had  one  peptone  culture  made  up  in  the  above- 
described  way  which  existed  for  over  four  weeks  without  renewal  <rf  the 
food,  the  nematodes  thriving  and  reproducing  during  the  whole  {>eriod. 

As  stated  on  a  preceding  page,  Potts  found  that  it  was  necessary 
for  peptone  solutions  to  putrefy  imtil  a  cloudy  growth  of  bacteria  had 
developed  and  that  it  was  "only  in  the  presence  of  great  numbers  of 
bacteria,  or  the  substances  formed  by  them,  that  the  nematodes  thrive 
so  well. "  In  cultures  of  Cephalobus  dubius  maintained  by  the  writers, 
it  was  not  necessary  to  develop  any  putrefaction  of  the  peptone  solution 
but  the  dry  peptone  was  added  directly  to  the  water  of  the  rearing  cdL 
When  new  cultures  were  necessary,  distilled  water  was  placed  in  the 
cell,  a  small  amoimt  of  peptone  on  the  end  of  a  dissecting  needle  was 
transferred  to  it,  and  the  nematodes  then  introduced.  This  procedure 
was  followed  a  great  many  times  and  without  any  appreciable  diminution 
in  the  activities  of  the  animals.  Furthermore,  cultures  made  up  in  this 
way  have'been  kept  for  a  month  without  developing  cloudiness  and  the 
nematodes  grew  and  reproduced  rapidly.  Since  no  attempt  was  made  to 
keep  these  cultures  sterile,  bacteria  did  develop  in  them  to  some  extent 
and  it  may  be  that  in  those  cxdtures  which  remained  perfectly  dear  a 
limited  amount  of  bacteria  was  present.  It  should  be  mentioned  in 
this  connection,  however,  that  a  distinct  cloudineFS  did  appear  in  some 
of  the  cultures  after  standing  several  days,  developing  gradually  into 
a  distinct  brown  color.  This  occurred  rather  conunonly  in  summer  and 
was  possibly  due,  in  part  at  least,  to  the  accumulation  of  bacteria.  But, 
with  this  particular  nematode,  the  development  of  the  brown  color 
was  accompanied  by  a  general  deterioration  of  the  culture  and  necessi- 
tated either  a  removal  and  renewal  of  the  greater  part  of  the  culture  medi- 
imi  or  a  transferrence  of  the  nematodes  to  a  new  solution.  It  would 
then  seem  that  Cephalobus  dubius  requires  only  a  very  low  devdc^unent 
of  bacteria  in  the  culture  medium,  if  it  is  required  at  all,  and  that  aa 
undue  development  of  the  cloudiness  is  usually  detrimental. 
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General  Procedure 

Certain  general  methods  of  procedure  were  found  to  be  preferable, 
and,  in  some  cases,  necessary  to  the  maintenapice  of  the  cultures.  In 
stock  cultures  reared  in  glass  mounting-cells,  the  optimum  amount  of 
medium  was  found  to  be  about  two-thirds  to  thjree^fourths  the  capacity  of 
the  cell.  Most  of  the  cells  were  kept  approximately  half  fiUed.  Smaller 
amounts  could  be  used  but  involved  the  danger  of  the  cell  drjnng  up  be- 
tween observations. 

Early  in  the  work,  it  was  noticed  that  when  a  stock  culture  was  sealed 
over  completely  with  a  vaselined  cover-glass  unfavorable  conditions 
bec^une  established  and  the  culture  would  often  die  out.  Experiments 
were  performed  to  determine  the  effect  of  the  presence  or  absence  of 
an  air-space  above  the  mediiun  and  it  was  definitely  demonstrated 
that  such  a  space  must  be  provided,  hence  the  above-mentioned  proced- 
ure of  never  filling  the  cells  more  than  three-fourths  fuD.  Furthermore, 
it  was  found  that  even  with  an  air-space  provided,  unfavorable  condi- 
tions would  develop  in  a  few  da}^  if  the  cell  was  sealed  air  tight.  This 
situation  was  avoided  by  slipping  the  cover-glass  back  so  that  a  small 
crescent-shaped  opening  between  the  edge  of  the  cover-glass  and  the 
walls  of  the  mounting-cell  was  produced.  This  method  was  entirely 
satisfactory  although  it  involved  a  certain  loss  of  the  water  by  evapora- 
tion, thus  necessitating  an  occasional  restoration  to  the  original  level 
in  the  culture-cell.  The  exact  reason  for  this  demand  for  ventilation  is 
not  known.  Johnson  ('13,  p.  612),  who  also  discovered  the  necessity 
forprovidingagainst  completely  closed  cultures,  thought  that  it  was  neces- 
sary to  permit  the  escape  of  gaseous  decomposition  products  originating 
in  the  culture  medium.  It  is  true  that  in  cultures  made  from  such 
materials  as  yolk  of  hen's  egg,  insect  eggs,  and  ovaries  of  grasshoppers, 
decomposition  products  were  formed  since  they  tend  to  quickly  develop 
offensive  odors.  On  the  other  hand,  Martin  ('13,  pp.  94-97;  143)  has 
pointed  out  the  indispensabihty  of  free  oxygen  to  the  development  of 
the  embryos  of  nematodes  and  it  may  be  that  the  demand  for  oxygen 
is  the  explanation.  Since  many  of  the  culture  media  used  were  under- 
going decomposition  and  since  this  process  draws  upon  the  available 
oxygen,  it  is  possible  that  the  oxygen  supply  in  one  of  the  sealed  culture- 
cells,  having  either  a  small  air-space  or  no  air-space  at  all,  would  soon 
be  reduced  to  an  unfavorable  extent. 


Digitized  by  VjOOQIC 


154  WELCH  AND  WEHHLE 

Occasionally,  even  the  partially  closed  stock  cells,  especially  those 
containing  peptone,  developed  not  only  a  cloudy  appearance  but  also 
a  brown  color  which  gradually  increased  in  intensity.  The  specific 
cause  of  this  color  is  not  known  but  it  was  evidently  a  result  or  an  accom- 
paniment of  the  general  activity  of  organisms  in  the  cell  and  almost  in- 
variably led  to  the  death  of  the  nematodes  if  the  conditions  were  allowed 
to  continue.  Thus  it  was  necessary  either  to  transfer  nematodes  to 
an  entirely  new  culture  cell  or  eke  remove  the  old  medium  and  replace 
it  with  new.  To  accomplish  the  latter,  the  point  of  a  finely  drawn 
pipette  was  thrust  just  below  the  surface  of  the  mediimi  in  the  stagnant 
cell  and  the  liquid  very  slowly  removed.  In  this  way,  the  eggs,  young, 
and  adxilt  nenmtodes  which  are  always  at  the  bottom  were  but  littie  dis- 
turbed and  few  of  them  lost  in  the  process.  Then  the  old  medium  was 
replaced  with  distilled  water  and  a  small  amount  of  peptone  added. 
If  necessary,  a  niunber  of  the  nematodes  can  be  transferred  to  new  cul- 
ture-cells by  means  of  the  transferring  needles  already  described.  In 
stocking  a  new  culture,  only  a  few  nematodes  need  be  transferred. 

In  studies  of  the  reproduction,  development,  growth,  and  activities 
of  these  nematodes,  it  was  necessary  to  isolate  individuals  or  ^gs  in 
order  to  follow  definitely  and  accurately  the  sequence  of  events.  To 
accomplish  diis  end,  cultures  of  a^different  type  were  used.  The  culture- 
cell  was  made  up  in  the  same  way  as  those  for  the  stock  cxdtures  except 
that  it  was  necessary  to  use  a  cell  not  over  5  mm.  high.  A  single  drop 
of  distilled  water  from  a  pipette  was  centrally  placed  in  the  bottom  of  a 
clean,  dry  cell.  This  drop,  if  carefully  placed,  retained  its  integrity. 
If  the  drop  spread  and  came  into  contact  with  the  edges  of  the  cell,  it 
was  discarded.  To  this  drop  of  water  was  added  a  tiny  bit  of  the  food 
material  (the  quantity  which  will  just  ding  to  the  extreme  point  of  a 
dissecting  needle)  and  the  nematode  or  the  egg  transferred  to  it.  Since 
these  single-drop  cultures  have  a  large  air-space  compared  with  the 
bulk  of  the  fluid  and  since  they  must  be  examined  frequently  in  connec- 
tion with  the  recording  of  data,  these  cells  were  kept  tightly  sealed  and 
in  that  way  the  danger  of  drying  up  was  avoided.  During  the  micro- 
scopical examination,  the  whole  cell  was  removed  from  the  slide,  thus 
leaving  the  culture  drop  intact.  It  was  necessary  to  guard  against 
undue  evaporation  during  the  exposure  of  the  drop  and  all  losses  had  to 
be  replaced.  Transference  of  the  nematodes,  young  or  adult,  was  eaaly 
accompUshed  by  means  of  the  needles  abready  described.    Eggs  were 
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transferred  by  the  same  means  and  likewise  by  the  drawn  out  pipette 
already  described.  The  latter  method  was  advantageous  in  transferring 
a  nmnber  of  eggs  at  a  tune  since  they  could  be  massed  together  in  the 
culture-cell  and  then  drawn  up  in  the  pipette  with  a  relatively  small 
amoimt  of  liquid.  Furthermore,  eggs  were  transferred  by  means  of  the 
brush  described  in  an  earlier  paragraph  but  this  method  was  inferior 
to  the  ones  discussed  above. 

Starting  Cultures  from  New  Stock 
Since  Cephalobus  dubius  has  been  found  but  once  and  the  entire 
series  of  cultures  is  from  the  original  stock,  the  writers  have  had  little 
experience  in  transferring  this  species  from  the  conditions  of  nature  to 
those  of  the  culture-cell.  However,  Diplogaster  cerivora  has  been  brought 
in  from  outside  conditions  and  established  in  cultures  a  number  of  times. 
New  stock  used  by  the  writers  usually  came  from  grasshopper  eggs  and 
was  secured  by  breaking  up  the  eggs  in  culture-cells,  diluting  the  yolk 
with  distilled  water,  covering  the  cell  m  such  a  way  as  to  leave  an  air- 
space and  a  ventilating  opening,  and  putting  it  aside  under  temperature 
conditions  of  about  68-77°  F.  Often,  after  a  few  days,  this  nematode 
would  appear  in  the  culture  whence  it  could  be  transferred  to  a  more 
dilute  mediimi  of  the  same  kind  and  then  later  to  a  different  medium, 
if  desired.  Mention  has  already  been  made  of  the  fact  that  Merrill  and 
Ford  (^16)  found  this  nematode  parasitizing  termites.  Mr.  Ford  has 
informed  the  senior  writer  that  he  could  almost  invariably  secure  a 
culture  by  the  following  method:  A  number  of  termites  are  killed  and 
placed  on  the  surface  of  water  saturated  soil  in  a  small  container.  After 
some  hours,  nematodes  usually  emerge  from  the  heads  of  the  termites 
and  continue  their  activities  on  the  moist  surfaces  of  the  dead  insects. 
In  a  few  days,  the  disintegrating  bodies  are  often  swarming  with  the 
worms.  Then  a  number  of  them  are  removed  to  a  culture-cell  containing 
the  desired  medium.  Of  those  first  transferred,  the  majority  may  die 
but  usually  a  few  will  survive  the  change  and  reproduce,  starting  a  new 
stock.  Evidently,  in  a  parasitic  form,  the  transition  from  the  body  of 
the  termite  to  the  conditions  of  a  culture-cell  is  a  severe  one  but  the 
immediate  progeny  of  those  which  persist  flourish  in  the  new  medium  and 
thereafter  maintenance  is  simple.  This  mortality  of  the  parasitic  nema- 
todes, when  removed  to  cultures,  confirms,  in  part,  the  experience  of 
Johnson  (13,  p.  613)  who  frequently  had  great  difficulty  in  starting  cul- 
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lures  of  RkabdUis  pellio,  although,  when  once  started,  the  difficulties  of 
mamtenance  were  considerably  reduced. 

Temperature  Conditions  of  Maintenance 
While  no  definite  experiments  have  as  yet  been  made  to  determine 
the  exact  maximum  and  minimum  temperatures  for  these  nematodes, 
certain  observations  are  worthy  of  mention  here.  Temperature  records 
for  rooms  where  some  of  the  cxdtures  were  kept  showed  that  both  species 
withstand  successfuUy  a  considerable  variation  of  temperature.  In  one 
room,  the  daily  maximum-minimum  records  sometimes  showed  a  dif- 
ference of  as  much  as  33^  F.  Such  variation  usually  occurred  during 
the  winter  months  when  the  room  temperature  occasionally  dropped  from 
74°  to  42°  F.  Under  these  conditions,  daily  variation  of  15-25°  F.  were 
common  and  a  minimum  temperature  of  40°  F.  for  a  limited  time  (4-<S 
hours)  apparently  had  no  serious  effect  on  the  cultures.  In  this  same 
room  during  the  summer  months,  the  variation  was  considerably  less 
but  both  maximum  and  minimum  temperatures  were  much  higher,  e.g., 
92°  and  84°  F.  It  was  found  that  when  the  room  temperature  rose  much 
above  80°  F.,  cultures  began  to  show  signs  of  weakness. 

In  cultures  of  Cephalobus  dubius^  the  nematodes  began  to  die  under 
conditions  of  90°  F.  These  cultures  were  removed  to  an  imderground 
concrete  cave  where  an  almost  constant  temperature  of  80°  F.  was 
maintained  and  evidence  of  strengthening  was  apparent.  During  the 
following  thirty  days  (July),  when  the  temperature  in  the  cave  gradually 
approached  87°  F.,  the  cultures  showed  increasing  signs  of  weakness  and 
ultimately  maintenance  became  difficult.  In  the  following  month,  -^en 
the  temperature  began  to  fall,  signs  of  strengthening  were  evident  as  soon 
as  80°  F.  was  approached.  When  78°  F.  was  reached,  the  cultures  were 
soon  flourishing  again.  In  other  respects,  the  conditions  of  rearing  were 
the  same  throughout  this  period.  Evidently,  the  maximum  temperature 
for  this  species  is  near  90°  F.  and  the  optimum  below  80°  F.  At  the 
present  time,  stock  cultures  are  thriving  under  laboratory  conditions 
of  65-75°  F. 

Preliminary  studies  with  reference  to  the  influence  of  temperature 
upon  Diplogaster  cerivora  were  conducted  by  means  of  an  air  conditioning 
machine  having  two  large  breeding  chambers  in  which  constant  tem- 
peratures (within  very  narrow  limits)  of  80°  and  90°  F.,  respectively, 
were  maintained.    These  nematodes  could  not  be  reared  in  the  90°  F. 
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chamber.  Cultures  submitted  to  that  temperature  soon  showed  decrease 
of  activity,  suspended  reproduction,  and  early  death.  Fresh  cultures 
reared  in  the  80°  F.  diamber  and  transferred  to  the  90°  F.  chamber 
suffered  the  same  fate.  Nematodes  reared  in  the  80°  F.  chamber  also 
exhibited  some  decrease  in  activity  but  continued  to  hve  and  mxdtiply, 
producing  four  generations  in  forty-three  days.  Cultures,  kept  under 
greenhouse  conditions  at  a  mean  temperature  of  about  75°  F.,  increased 
more  rapidly  than  did  those  within  the  80°  F.  chamber  and  the  rate  of 
development  was  greater,  five  generations  being  produced  in  forty-three 
da3rs.  Still  other  cultures  were  maintained  in  the  laboratory  under  a 
variety  of  temperature  conditions,  and,  according  to  the  experience  of 
the  writers,  65-75°  F.  is  favorable  for  rearing  DiplogasUr  arivora. 

PARTHENOGENESIS  IN  CEPHALOBUS  DUBIUS  MAUPAS 
DiSTRIBUnON 

Cephalobus  dubius  is  evidently  a  cosmopolitan  species.  Maupas 
('00,  pp.  555-556)  states  that  it  is  very  common  in  Algeria  and  that  he 
fotmd  it  in  a  sample  of  red  earth  collected  in  the  environs  of  Tananarivo, 
Madagascar.  In  these  localities,  the  nematode  Uves  in  rather  poor  earth 
and  is  said  to  withstand  long  desiccation  and  to  revive  when  the  moist 
conditions  are  re-established.  Dr.  N.  A.  Cobb  states  in  a  letter  that  it 
occurs  in  various  parts  of  the  United  States  and  is  found  in  moist  situa- 
tions, feeding  upon  animal  matter.  He  also  states  that  on  several  occa- 
sions it  has  been  found  on  the  surface  of  various  insect  eggs,  and  that  the 
young  withstand  desiccation. 

Source  of  Material 
The  original  stock  for  all  of  the  writers'  cultures  was  secured  accident- 
ally in  connection  with  the  study  of  another  nematode.  In  a  prelimi- 
nary experiment  to  determine  whether  Diplogaster  arivora,  2l  species 
foimd  feeding  on  the  contents  of  grasshopper  eggs,  has  the  ability  to 
penetrate  insect  eggs  or  whether  it  depends  upon  some  other  agency 
to  provide  the  means  of  entrance,  ordinary  loam,  sterilized  by  steam, 
was  placed  in  a  jar.  Grasshopper  eggs,  cleaned  of  all  soil  particles  but 
not  subjected  to  special  treatment,  were  introduced  mto  this  soil  and 
specimens  of  Diplogaster  arivora  in  water  added  to  the  adjacent  soil. 
When  examined  later,  the  eggs  were  found  broken  and  deteriorating. 
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Under  magnification,  nematodes  were  seen  in  the  egg  contents  and  were 
transferred  to  culture-cells.  It  soon  became  evident  that  they  were 
unlike  Diplogaster  carivara,  and  when  submitted  to  Dr.  N.  A,  Cobb  for 
identification  they  proved  to  be  Cepkalobus  dubius  Maupas.  Hie  original 
source  is  thus  in  doubt,  but  since  the  soU  in  the  jar  had  been  sterilized, 
it  seems  very  probable  that  this  nematode  was  carried  into  the  culture 
on  the  surface  of  the  grasshopper  eggs,  either  as  an  egg  or  in  some  sub- 
sequent stage  of  development.  Since  there  is  evidence  that  at  least 
the  immature  individuals  of  this  species  can  successfully  withstand 
desiccation,  it  is  possible  that  they  might  have  occiured  on  the  surface 
of  the  insect  eggs  in  that  state,  resinning  activity  when  introduced  into 
the  moist  conditions  of  the  experiment. 

Parthenogenesis 

Maupas  ('00),  in  his  extensive  study  of  reproduction  in  nematodes, 
found  seven  species  in  cultures  of  which  he  saw  no  trace  of  males.  These 
seven  species,  distributed  among  six  different  genera,  included  Cepkalobus 
dubius.  He  was  inclined  to  admit  the  possible  occasional  occurrence 
of  males  but  states  that  if  they  do  appear  they  must  be  very  rare. 

Since  the  beginning  of  this  work,  the  writers  have  watched  carefully 
in  the  large  number  of  successive  generations  for  any  appearance  of  males 
but  in  vain.  Mature  individuals,  isolated  in  culture-cells,  always  de- 
posited eggs.  Similarly,  isolated  eggs  or  yoimg  that  attained  maturity 
always  produced  individuals  which  deposited  eggs.  Maupas  expressed 
uncertainty  as  to  the  constant  absenqe  of  males  because  of  the  fact  that, 
in  his  studies,  the  greater  part  of  the  apparently  parthenogenetic  nema- 
todes "  se  pr^tent  mal  ^  des  cultures  en  grand  "  and  that  with  one  excep- 
tion he  was  unable  to  examine  very  large  nimibers.  That  uncertainty 
does  not  seem  so  significant  since  the  writers  were  able,  with  their 
methods  of  culture,  to  get  this  nematode  in  almost  any  quantity  .and 
a  very  large  number  was  examined  for  the  possible  appearance  of  males. 
Since  the  nematodes  were,  in  part,  maintained  under  certain  differences 
and  variations  of  food  and  temperature,  it  would  seem  that  if  males 
ever  do  appear  in  this  species  they  must  be  extremely  rare  and  apparently 
must  develop  under  conditions  of  culture  different  in  some  unknown  re- 
spect from  those  of  the  writers.  Cultures  of  this  species  are  stiU  under 
observation  in  order  that  diis  matter,  among  others,  may  be  more  thor- 
oughly tested.      If  it  is  later  discovered  that  males  do  occasionally  occur, 
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it  will  be  interesting  to  determine  whether  they  have  all  of  the  activities 
and  functions  of  the  sex  or  whether  they  resemble  the  imperfect  males 
which  occasionally  occur  in  several  of  the  hemu^hroditic  nematodes. 

As  Lankester  ('17,  p.  504)  points  out,  parthenogenesis  signifies  "an 
exceptional  and  historically  super-induced  modification  of  the  normal 
process  of  sexual  reproduction  or  gamogenesis  in  which  the  female  gamete 
or  egg-cell  does  not  unite  with  a  male  gamete  or  sperm-cell  to  form  a 
'zygote,'  but  proceeds  to  develop  independently. "  It  is  a  well  known 
fact  that  protandric  hermaphroditism  ("Syngonism")  is  common  among 
the  free-living  nematodes  and  Cobb  ('15,  p.  95;  '16,  pp.  198-199)  suggests 
the  desirability  of  re-examining  the  supposedly  parthenogenetic  forms 
to  determine  whether  some  of  them  are  not  actually  "syngonic."  This 
suggestion  was  made  on  the  basis  of  a  study  of  a  series  of  syngonic  free- 
living  nematodes  in  which  the  spermatozoa  present  were  smaller  and 
smaller  until  they  reached  the  optical  limits  of  present  instruments  and 
he  finds  himself  imable  to  assert  the  non-existence  of  spermatozoa  in 
certain  nematodes  merely  because  he  has  not  succeeded  in  finding  them. 
This  suggests  that  since  both  the  parthenogenetic  and  the  hermaphrodi- 
tic nematodes  have  the  unmodified  form  of  the  female,  the  former  may, 
at  least  in  some  cases,  possibly  be  instances  of  masked  hermaphroditism. 

The  writers  have  not  thus  far  made  any  microscopical  examination 
of  the  gonads  to  determine  the  above-mentioned  point  and  no  comment 
can  be  made  upon  it  except  that  the  complete  absence  of  males  in  con- 
tinuous cultures  maintained  for  over  three  years  seems  to  indicate  the 
parthenogenetic  method  of  reproduction.  If  the  animal  were  herma- 
phroditic, it  would  necessitate  that  every  egg  produced  be  fertilized  and 
that  fertilized  eggs  invariably  produced  hermaphrodites  in  order  for  the 
results  of  the  writers'  cultures  to  have  been  possible.  Furthermore, 
as  Maupas  and  others  have  pointed  out,  the  hermaphroditic  forms  show 
an  unbalanced  relation  between  the  number  of  spermatozoa  and  ova 
produced  and  the  unfertilized  ova  do  not  develop  but  disintegrate  after 
they  are  laid.  In  the  case  of  Cephalobus  dubius,  all  of  the  eggs  laid  were 
capable  of  development.  Also,  in  the  majority,  if  not  ia  all  hermaphrodi- 
tic nematodes,  males  appear  even  though  they  may  in  some  species  be 
rare  and  imperfect  in  their  sexual  functions.  At  present,  there  seem 
to  be  no  grounds  for  considmng  Cephalobus  dubius  other  than  a  par- 
thenogenetic form. 
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OviposiUon 

In  Older  to  obtain  data  on  the  reproductive  capacity  of  the  females, 
oviposition  records  were  made  as  follows:  Eggs,  isolated  from  vigOTOUs 
stock  cultures,  were  placed  individually  in  a  single  drop  of  distilled  water 
in  a  glass  mounting-cell.  Frequent  observations  were  made  and  the 
time  of  hatching  carefully  noted.  A  trace  of  yolk  of  hen's  egg  was  then 
added  and  daily  observations  continued  until  the  death  of  each  individual 
When  oviposition  b^an,  the  nimiber  of  eggs  appearing  in  the  cell  each 
day  was  recorded  and  the  female  transferred  to  a  new  culture,  thus  avoid- 
ing the  labor  of  removing  the  eggs  from  the  cell 

Cultures  of  thirty-six  different  individuals,  representing  a  mmiber  of 
successive  generations,  were  carried  through  the  life  cycle  to  cessation 
of  oviposition  and  subsequent  death  and  showed  considerable  variation 
in  the  length  of  the  egg-la3dng  period.  These  cultures  were  all  main- 
tained under  the  same  conditions  with  respect  to  food  but  the  tempera- 
ture was  that  of  the  laboratory  and  subject  to  an  average  daily  variation 
of  about  18**  F.,  the  extremes  being  approximately  as  follows:  minimimi, 
40^58"*  F. ;  maximum,  66-76'*  F.  Temperature  was  the  only  factor  which 
varied  to  any  extent  and  the  precise  influence  of  this  factor  was  not  de- 
tennined.  Under  these  conditions,  the  duration  of  the  egg-laying  pmod 
was  found  to  have  a  variation  of  6-44  days,  the  average  being  about  16  da3rs. 
This  variation  seem$  surprisingly  large  and  leads  to  the  suspicion  that  those 
nematodes  with  a  short  egg-laying  period  are  individuals  which,  for  some 
reason,  had  their  normal  existence  shortened.  But,  since  no  account 
was  taken  of  those  individual  life  histories  which  were  ended  at  a  time 
when  the  egg  production  rate  was  high  and  only  those  which  showed 
an  acceleration  followed  by  a  subsequent  retardation  were  considered, 
it  does  not  appear  that  all  such  instances  can  be  so  interpreted.  It 
should  be  stated  that  the  maximum  oviposition  period  of  44  days  given 
in  this  set  of  records  is  much  higher  than  any  of  the  others,  the  next 
lowest  being  31  days. 

Egg-la)ring,  when  once  initiated,  continues  iminterruptedly  until  its 
decline  at  the  end  of  the  life  of  the  individual  None  of  the  records 
showed  any  evidence  of  definite  periods  of  cessation  of  egg-laying  followed 
by  active  resumption  of  oviposition.  Only  two  instances  of  24-48  hour 
periods  with  no  oviposition  appears  in  the  records  and  these  occur  at 
the  end  of  the  life  of  the  nematode.    The  eggs  are  laid  singly  and  at  a 
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varying  rate  dq>endmg  upon  the  age  of  the  parent.  The  most  charac- 
teristic feature  of  the  records  on  all  individuals  presenting  any  evidence 
at  all  of  a  normal  life  cycle  is  the  rather  gradual  increase  in  the  daily 
rate  of  egg-lajdng  during  the  first  part  of  the  oviposition  period  and  the 
more  or  less  gradual  diminution  in  the  last  part.  In  every  case,  the  maxi- 
mum daily  number  of  eggs  deposited  appears  well  within  the  oviposition 
period,  ordinarily  near  the  middle.  Usually  the  initial  and  concluding 
daily  rates  are  very  slow,  the  latter  often  ceasing  completely  before  the 
death  of  the  nematode.  In  a  few  individuals  only  was  the  initial  daily 
record  above  10.  The  increase  and  decrease  of  the  daily  rate  were  not 
regular  for  any  of  the  individuals  studied.  The  maximum  production 
of  27  eggs  in  one  day  occurs  in  the  record  of  nematode  No.  36.  A  few 
other  records  are  close  rivals.  According  to  Maupas  (W,  p.  560),  "Par 
une  temp&ature  de  20**  c,  le  maximum  d'oeufs  pondus,  dans  les  vingt- 
quatre  heures,  est  de  12  k  13. "  It  is  evident  that  the  daily  rate  of  egg 
production  is,  at  least  at  times,  much  higher  than  Maupas'  record  would 
indicate. 

The  total  number  of  eggs  per  individual  varied  from  33  to  285,  the 
average  being  139.  In  general,  those  nematodes  which  lived  longest 
and  thereby  had  the  greatest  oviposition  period  produced  the  largest 
number  of  eggs  but,  in  the  writers*  records,  no  constant  relation  exists 
between  the  duration  of  the  oviposition  period  and  the  total  number 
of  eggs.  For  instance,  nematode  No.  55  produced  101  eggs  in  9  days  but 
nematode  No.  79  deposited  only  77  eggs  in  13  days;  nematode  No.  24 
produced  270  eggs  in  44  days  but  nematode  No.  85  produced  285  eggs  in 
30  days.  Maupas  ('00,  pp.  561-562)  reported  a  maximum  of  415  eggs 
deposited  over  an  egg-laying  period  of  about  4  months. 

In  addition  to  the  above,  another  set  of  oviposition  records  were  made 
from  cultures  kept  in  an  undergroimd,  concrete  cave,  where,  during  the 
period  involved,  the  daily  temperature  variation  was  within  5®  F.,  usually 
within  4®  F.  The  average  maximum  temperature  was  77.8**  F.,  the  varia- 
tion being  75-79**  F.,  and  the  average  minimum  temperature  was  73**  F., 
the  variation  being  71-76**  F.  While  the  temperature  was  not  com- 
pletely controlled,  the  fluctuation  was  small  and  the  results  are  of  interest 
when  compared  with  those  already  described.  The  remaining  conditions 
of  the  cultures  were  like  those  of  the  other  series  with  the  exceptioo  that 
peptone  was  used  instead  of  the  yolk  of  hen's  egg.    Six  individuals  were 


Digitized  by  VjOOQIC 


162  WELCH  AND  WEHSLE 

successfully  carried  through  their  complete  life  cycle  and  the  egg-laying 
period  varied  from  15  to  39  days.  The  total  number  of  eggs  deposited 
by  each  individual  varied  from  78  to  234.  This  series  of  cultures  also 
presented  the  characteristic  increase  and  diminution  of  the  daily  rate 
of  oviposition  which  has  already  been  described.  The  lack  of  a  definite 
relation  between  the  length  of  the  egg-laying  period  and  the  total  number 
of  eggs  deposited  was  also  apparent  although  the  general  tendency  for 
the  longer  periods  to  be  accompanied  by  the  larger  number  of  eggs  ivas 
evident.  Owing  to  the  difference  in  the  numbers  of  individuals  studied 
in  the  two  series,  a  more  detailed  comparison  is  not  possible. 

After  oviposition,.  the  development  of  the  embryo  goes  on  rapidly 
and  within  a  few  hours  the  egg,  imder  magnification,  shows  signs  of 
internal  activity.  Records  on  the  development  of  88  tggs  from  deposi- 
tion to  hatching  showed  3.3  days  as  the  average  egg  period,  the  variation 
being  2.5-4  days.  This  is  in  dose  agreement  with  Maupas'  statement 
COO,  p.  561)  "les  oeufs  mettent  trois  jours  k  parcourir  leur  embryogfenie 
jusqu'k  6closion." 

Immature  Period 

Length  of  Larval  Stage, — In  hen^s  egg  cultures  kept  under  the  con- 
ditions of  the  laboratory,  the  larval  period  of  48  individuals  of  different 
progenies  showed  a  variation  of  8-17  days,  although  the  usual  variation 
was  8-14,  17  occurring  but  once  and  14  being  the  next  lowest  number. 
The  average  larval  period,  based  upon  the  above-mentioned  records,  is 
10.1  da)rs.  In  this  paper,  the  larval  period  is  regarded  as  extending 
from  the  moment  of  hatching  to  the  deposition  of  the  first  egg,  and  not 
to  the  cessation  of  growth  as  will  be  discussed  later.  The  appearance  of 
the  genital  pore  is  an  indication  of  maturity  or  closely  approaching 
maturity  but  it  was  thought  best  to  use  the  first  oviposition  as  the  final 
limit  of  the  immature  stage.  Maupas  COO,  p.  561)  reported  the  larval 
period  to  be  10-11  days,  at  a  temperature  of  68®  F.  He  also  used  the 
appearance  of  the  first  egg  as  evidence  of  the  completion  of  larval 
existence. 

In  peptone  cultures  maintained  under  the  more  uniform  temperature 
conditions  of  the  underground  cave  described  previously,  the  larval 
period  of  10  individuals  had  a  variation  of  8-14  da)rs,  the  average  bring 
10.8  days.  It  will  be  noted  that  this  agrees  closely  with  the  cultures 
reared  imder  laboratory  conditions  and  it  appears  that  limited  differences 
of  temperature  and  the  comparative  culture  values  of  peptone  and  yolk 
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of  hen's  egg  had  no  striking  effect  on  the  time  interval  demanded  for  the 
attainment  of  sexual  maturity. 

Rate  of  Growth, — Careful,  daily  measurements  of  length  of  8  indi- 
viduals reared  in  peptone  cultures  imder  the  cave  conditions  were  made 
for  about  22  days,  a  period  of  time  weU  beyond  maturity  and  the  cessa- 
tion of  growth.  It  was  noted  that  the  period  of  growth  and  the  larval 
I>eriod  are  not  coterminal,  but  that  growth  usually  continues  3-6  dajrs 
aiter  the  production  of  the  first  egg.  During  this  time,  the  increase  in 
body-length  has  a  variation  of  0.019-0.076  mm.,  the  average  being 
O.OS27  mm. — about  10  per  cent,  of  the  average  body-length  of  the  com- 
pletely formed  individual. 

At  hatching,  the  larva  is  only  0.140-0.179  mm.  long,  the  average  of 
16  specimens  being  0.162  mm.,  and,  from  that  time  to  the  attainment  of 
the  full-grown  condition,  growth  is  continuous  and  approximately  imi- 
form.  The  growth  curves  of  difftient  individuals  are  very  similar.  The 
average  daily  increase  in  length  was  found  to  be  0.0258  mm.,  the  varia- 
tion being  0.019-0.03  mm.  There  is  no  evidence  of  a  definite  maximum 
daily  rate  of  growth  anywhere  in  the  period  and  apparently  growth, 
when  completed,  ceases  almost  as  abruptly  as  it  begins.  The  average 
growth  period  was  approximately  16.3  days,  with  a  variation  of  14-18 
days. 

Length  of  Life 

The  complete  life  showed  a  variation  of  20-61  days.  Only  1  nematode 
lived  61  days,  but  8  of  29  individuals  lived  40-50  days,  and  11  Uved  30-40 
da3rs.  The  variation  indicated  above  appears  to  be  rather  large  and 
may  have  been  due  to  some  peculiar  combination  of  factors  in  the  dif- 
ferent cultiures,  although  all  were  given  the  same  kind  of  food  in  approxi- 
mately the  same  amoimt  and  kept  imder  the  conditions  of  the  laboratory. 
Maupas  ('00,  pp.  561-562)  records  one  individual  which  lived  for  approxi- 
mately five  months.  The  egg-la)ang  period  has  already  been  discussed 
and  it  thus  appears  that  if  the  first  eggs  of  the  parent  be  considered,  a 
new  generation  can  be  produced  in  the  cultures  every  1 1-19  days,  or  alx)ut 
two  generations  per  month. 

REPRODUCTION  IN  DIPLOGASTER  iERIVORA  COBB 
Source  of  Material 
This  nematode  was  first  discovered  in  1914  infesting  the  eggs  of 
grasshoppers  after  they  had  been  deposited  in  the  ground.    Specimens- 
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were  sent  to  Dr.  N.  A.  Cobb  who  reported  them  as  representing  a  new 
species.  Later,  Merrill  and  Ford  ('16)  found  nematodes  infesting  the 
termite,  Leucotermes  hcifugus^  which,  when  submitted  to  Cobb,  proved 
to  be  the  same  species  as  the  one  found  in  grasshopper  eggs  and  he 
described  it  under  the  name  Diplogaster  (grivara,  Merrill  and  Ford  made 
a  special  study  of  this  nematode  in  relation  to  the  termite  host  and  pub- 
lished, in  addition  to  Cobb's  original  description  of  the  species,  certain 
data  on  the  reproduction  and  habits  of  this  worm  as  observed  in  cultures. 
The  present  account  includes  the  results  of  a  more  prolonged  study  of 
certain  features  of  the  reproduction,  based  upon  continuous  culture 
studies  of  more  than  three  years. 

OVIPAMTY 

Merrill  and  Ford  ('16)  have  abready  pointed  out  the  fact  that  males 
and  females  are  continually  present  and  that  the  males  are  functionaL 
Cobb,  in  the  same  paper,  described  the  morphological  features  of  the  two 
«exes.  The  writers  have  also  found  this  species  reproducing  exclusively 
by  the  bisexual  method.  No  evidence  of  hermaphroditism  or  partheno- 
genesis appeared,  although  evidence  of  such  phenomena  was  sought  con- 
tinually 

Copulation 

Copulation  was  easily  studied  in  the  cultures  and  the  observations 
of  the  writers  essentially  confirm  the  brief  account  of  Merrill  and  Ford 
('16,  pp.  125-126).  Increased  activity  on  the  part  of  the  male  before 
mating  was  noticed.  A  female  will  copulate  with  several  different  males 
in  a  short  time  and  the  same  is  true  of  the  behavior  of  the  male  towards 
different  females.  As  will  be  shown  later,  observations  indicate  that  a 
female  must  mate  two  or  more  times  in  order  to  produce  fertile  ^gs 
throughout  the  adult  life. 

Fertile  Eggs 

The  normal,  fertile  egg  of  Diplogaster  cerivora  is  oblong,  the  average 
dimensions  from  forty-five  measurements  being  0.064  mm.  and  0.035 
mm.,  the  variation  being  withm  0.007  man.  The  outer  covering  consists 
of  a  tough,  membranous  coat.    Eggs  are  always  deposited  singly. 

Infertile  Eggs 
An  egg,  which  has  seemingly  never  been  fertilized  and  from  which  a 
nematode  never  develops,  is  designated  as  an  infertile  egg  in  these 
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Studies.  Such  eggs  are  larger  than  the  fertile  ones,  their  dimensions  being 
about  0.084  mm.  and  0.043  mm.  They  are  slightly  variable  in  shai>e 
but  are  usually  suboval.  The  envelope  consists  of  a  very  thin  membrane 
and  encloses  the  finely  granular,  light  colored  contents.  The  general 
appearance  of  such  eggs  is  sufiSciently  different  from  that  of  the  fertile 
eggs  to  make  it  comparatively  easy,  with  a  Uttle  practice,  to  recognize 
them  at  sight  in  the  cultures. 

RelaUon  of  CopulaUan  to  Egg  Production 
An  interesting  relation  between  copulation  and  the  production  of  both 
fertile  and  infertile  eggs  exists  in  this  species.  Fertile  eggs  were  never 
deposited  by  a  female  previous  to  the  initial  copulation.  A  female,  upon 
being  mated,  will,  for  a  time,  lay  fertile  eggs  after  which  infertile  ones 
will  be  deposited  until  another  mating  occurs.  Upon  being  mated  the 
second  time,  the  female  will  again  produce  fertile  eggs.  For  example, 
female  No.  12  was  mated  at  maturity,  after  which  the  male  was  removed 
from  the  ceD.  Twelve  fertile  eggs  were  deposited  by  this  individual 
during  the  next  48  hours.  During  the  following  60  hours,  8  eggs  were 
extruded,  all  of  which  were  infertile.  After  6  days,  this  female  was 
mated  a  second  time  and  as  a  result,  within  3  hours  after  copulation, 
fertile  eggs  were  again  deposited.  Fifteen  fertile  eggs  were  laid  during 
the  following  3  days  and  2  fertile  eggs  were  found  in  the  body  of  the 
female  at  death.  Essentially,  the  same  results  were  obtained  in  several 
different  individuals  maintained  imder  similar  conditions.  On  the  other 
hand,  female  No.  88  was  kept  constantly  exposed  to  males  throughout 
her  mature  life  and  fertile  eggs  were  uninterruptedly  deposited  until  her 
decease.  After  the  first  mating  of  this  female,  eggs  soon  appeared  and 
the  number  rapidly  increased  until  well  towards  the  end  of  the  2nd  day 
at  which  time  the  maximum  deposition  of  19  eggs  occurred.  From  this 
time  on,  there  was  a  gradual  reduction  in  the  number  of  eggs  produced 
until  cessation  occurred  at  the  end  of  the  6th  day,  death  ensuing  about 
24  hoiurs  later. 

Occasionally,  a  female  would  completely  exhaust  her  ability  to  deposit 
fertile  egg?  before  any  infertile  ones  were  produced  but,  in  the  majority 
of  cases,  the  approaching  cessation  of  fertile  egg  production  was  indicated 
not  only  by  the  reduction  in  the  number  but  also  in  the  appearance  of  a 
mixtiure  of  fertile  and  infertile  eggs  leading  to  the  final  disappearance  of 
the  former.    After  a  second  or  subsequent  mating,  the  same  phenomenon 
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usually  occurred  except  in  the  reverse  order,  although,  in  some  cases, 
there  was  an  abrupt  cessation  of  the  infertile  egg  production  after  re- 
mating  the  female.  Commonly,  the  maximum  ^g  production  follows 
the  first  mating,  subsequent  ones  being  followed  by  the  deposition  of  a 
smaller  niunber  of  eggs  over  a  shorter  length  of  time,  but  this  is  not  a 
constant  feature  since  a  few  exceptions  appear  in  the  records,  as  for 
example,  female  No.  81  was  mated  3  times  within  a  period  of  11  days 
and  the  maximum  production  followed  the  third  mating. 

It  thus  appears  that  in  order  for  the  female  of  Diplogaster  arivora  to 
attain  her  complete  reproductive  capacity,  she  must  be  mated  at  intervals 
throughout  the  egg  producing  period.  One  mating  is  insufficient  but 
the  reasons  for  this  insufficiency  are  not  definitely  known  at  present  In 
all  of  the  matings,  the  period  of  production  of  fertile  eggs  never  exceeded 
3  days  and  it  may  be  that  this  represents  the  extent  of  the  life  of  the 
spermatozoa  after  they  have  been  tnmsferred  to  the  female.  There  is 
no  reason  for  believmg  that  the  fertilization  is  other  than  hysterogamk 
(Lankester,  *17,  p.  505)  and  possibly  fertile  eggs  cease  to  appear  when 
all  the  spermatozoa  of  a  single  mating  have  been  exhausted,  but,  if  this 
be  the  case,  there  must  be  considerable  variation  in  the  number  of  sper- 
matozoa transferred  to  the  female  at  copulation  since,  according  to  the 
writers'  records,  the  number  of  fertile  eggs  resulting  from  a  single  mating 
varied  widely,  as  for  example,  initial  matings  resulted  in  7-113  fertile 
eggs.  Possibly  the  length  of  copulation,  which  is  known  to  vary  in.  this 
species,  determines,  in  part  at  least,  the  number  of  male  ceUs  transferred. 

Maupas  ('00,  pp.  586-587 ;  601-602)  pointed  out  that  there  is  a  striking 
imperfection  in  the  protandric  hermaphroditic  nematodes  in  which  fertile 
eggs  will  be  produced  until  the  supply  of  spermatozoa  is  exhausted  and 
then  the  same  nematode  wiU  continue  to  produce  infertile  eggs  in  num- 
bers 2  or  3  times  greater  than  the  fertile  ones.  The  evidence  seems  to 
support  the  contention  that  this  condition  is  the  result  of  the  failure  of 
the  ovo-testis  to  develop  enough  male  cells.  The  infertile  eggs  invariably 
deteriorate.  He  also  foimd  that  the  occasional  males  of  these  herma- 
phroditic species  sometimes  fertilized  the  hermaphroditic  individual 
after  it  had  exhausted  its  ovm  supply  of  spermatozoa.  These  cases 
may  be  comparable,  if  not  homologous,  to  the  condition  in  Diplogaskr 
(Brivora,  Certainly,  the  disadvantage  to  the  species  is  similar.  Since 
all  of  the  infertile  eggs  of  Diplogaster  cerivora  deteriorate,  the  reproductive 
capacity  of  a  single  female  is  limited  greatly  unless  males  are  ever  present 
to  fecundate  her. 
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Viviparity 
At  times,  another  f onn  of  reproduction  occurs  in  the  life  history  of 
this  nematode  in  which  living  young  appear  within  the  body  of  the  moth- 
er. This  phenomenon  existed  many  times  in  the  cultures  and  was  care- 
fully studied.  The  first  indication  of  this  change  in  the  normal  repro- 
ductive procedure  is  the  appearance  of  one  or  more  very  tiny  nematodes 
within  the  body  of  the  parent  and  inside  of  the  uterus.  These  young 
move  about  actively  and  increase  in  size  at  a  rapid  rate.  In  time,  they 
break  their  way  through  the  wall  of  the  uterus  into  the  body-cavity  of 
the  mother  and  begin  to  actively  attack  her  internal  organs,  soon  causing 
her  death.  The  young  continue  to  feed  upon  the  body  contents  of  the 
dead  parent  until,  in  many  cases,  the  whole  interior  is  hollowed  out, 
leaving  nothing  but  the  transparent  cuticula  within  which  the  developing 
young  wriggle  about.  From  this  empty  parental  cuticula,  the  young 
escape  to  the  exterior  and  take  up  an  independent  existence  in  the  sur- 
rounding nutrient  medium.  Approximately  one-third  to  two-fifths  of 
the  complete  growth  may  be  attained  within  the  parent.  Merrill  and 
Ford  ('16,  p.  126)  observed  this  phenomenon  in  the  parasitic  strain 
of  this  species  which  they  studied  and  they  state  that  "Usually  they  were 
tmable  to  escape,  although  instances  were  observed  where  they  escaped 
through  the  genital  pore  of  the  mother. "  They  also  figure  a  dead  female 
containing  14  young,  all  of  about  the  same  degree  of  development.  It 
might  be  inferred  from  the  above  quotation  that  few  of  these  young  are 
able  to  complete  their  development,  but  the  long  observations  on  which 
this  paper  is  based  show  that,  in  the  strain  from  the  grasshopper  eggs, 
not  only  is  the  phenomenon  fairly  common  but  that  the  large  majority 
of  the  young  so  developed  escapes  through  the  genital  opening  of  the 
mother  or  through  some  rupture  of  her  body-wall.  Not  only  do  such 
young  complete  their  growth  but  they  are  perfect  individuals  and  capable 
of  reproduction.  The  number  of  yoimg  developing  within  the  parent 
is  variable.  The  writers  have  records  of  as  many  as  20  appearing  at  about 
the  same  time  and  also  some  evidence  that  even  more  may  be  so  produced. 
On  the  other  hand,  the  number  may  be  as  low  as  3  or  4.  These  larvae 
develop  into  both  males  and  females  and,  since  living  young  were  never 
observed  in  females  which  had  not  at  some  time  been  exposed  to  males, 
it  appears  that  they  arise  from  fertilized  ova  and  not  from  parthenogene- 
tic  ones. 
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Rq>roduction  of  this  viv^jarous  sort  has  been  observed  before  m 
nematodes.  Maupas  COO)  found  it  to  be  a  common  occurrence  in 
RkabdUis  degans^  Rhabdiiis  caussandi,  and  Difdogaster  robusPus  in  which 
the  eggs  are  not  deposited  as  rapidly  as  they  arrive  in  the  uterus  but  tend 
to  accumulate  there,  the  delay  causing  them  to  be  deposited  ultimately 
in  an  advanced  stage  of  development.  Some  of  the  young  hatch  in  the 
uterus  and  are  expelled  along  with  the  imhatched  eggs  but  when  the  sup- 
ply of  spermatozoa  is  exhausted  and  the  infertile  eggs  pass  into  the  uterus, 
the  young  hatch,  feed  upon  the  infertile  eggs  accimiulating  there,  grow, 
rupture  the  wall  of  the  uterus,  scatter  in  the  general  cavity  of  the  mother, 
disorganize  and  devour  the  internal  parts,  and  ultimately  ^cape  to 
the  exterior.  P6rez  (Conte,  *00b,  p.  375)  observed  viviparity  in  RhabdiHs 
teres y  Conte  COOa;  '00b)  recorded  it  in  RhabdiUs  monohystera  and  DiplO' 
gaster  longicauda,  and  Southern  (W,  pp.  93-94)  described  the  occasional 
appearance  of  yoxmg  within  the  body  of  the  mother  in  Rhabdiiis  brasstoE. 
MerriD  and  Ford  ('16,  p.  120)  apparently  found  a  similar  occurroice  in 
Diplogaster  labi(Ua  in  which  ''Occasionally  a  yoimg  nematode  hatched 
within  the  body  of  a  dead  female,  *'  but  no  statement  is  made  as  to  the 
ultimate  fate  of  such  individuals. 

The  factors  initiating  and  influencing  the  appearance  of  this  vivi- 
parity are  not  definitely  understood.  Conte  ('OOa)  f  oimd  that  RhabdUis 
monohystera  *^vivipare  sur  coUe  de  pdte^  est  ovipare  sur  peptone"  and  that 
the  conditions  of  development  are  influenced  by  the  nature  of  the  nutri- 
tive medium.  In  another  paper,  Conte  (Wb)  points  out  that  Maupas 
C99)  attributes  the  appearance  of  this  viviparity  to  two  causes,  inanition 
and  senility.  Conte,  however,  foimd  evidence  that  putrefaction  in 
the  medium  was  a  cause,  at  least  in  the  case  of  RhabdUis  numokystero, 
"Tout  en  admettant  avec  lui  que,  dans  certaines  espfeces,  Tinanition  et 
la  s6nilit6  am^nent  le  parasitisme  embryonnaire,  je  crois  que  ce  ph6no- 
mhne  pent  fttre  provoqu6  par  d'autres  causes  et  notamment,  ches  Rhab- 
ditis  monohystera,  par  la  putrefaction  du  milieu.  D'lme  fagon  g6n6rale, 
je  pense  qu'il  est  en  relation  avec  un  6tat  morbide  de  la  mfere."  In 
coimection  with  his  studies  of  the  production  of  eggs  or  young  in  these 
nematodes,  he  finds  it  possible  to  distinguish  the  following  stages  which 
are  closely  related  to  the  character  of  the  nutritition: 

Absolute  oviparity — deposition  of  unsegmented  eggs. 

Relative  oviparity — deposition  of  eggs  imdergoing  segmentation. 
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Ovo-viviparity — deposition  of  gegs  containing  active  embryos. 

Viviparity — deposition  of  young  which  hatched  in  the  uterus  of  the 
mother. 

Embryonic  parasitism — consumption  of  morbid  mother  by  her  off- 
spring. 

There  is  certainly  a  tendency  in  Diplogaster  arivora  for  this  form  of 
reproduction  to  appear  towards  the  end  of  the  reproductive  period  and 
while  the  parent  may  live  and  show  body  movements  for  a  brief  period 
after  young  appear  within  her  body,  her  reduced  vitality  is  apparent 
and  is  an  accompan3dng  feature,  if  not  the  causative  one,  of  this  phenom- 
enon. However,  the  writers  have  evidence  that  age  may  not  always 
be  an  accompanying  factor,  in  fact,  there  is  circumstantial  evidence  that 
any  set  of  conditions  which  interferes  seriously  with  the  weU-being  of 
the  female  may  lead  to  the  appearance  of  living  young  within  her  body, 
even  early  in  the  reproductive  i>eriod.  It  is  therefore  the  opinion  of  the 
writers  that  this  viviparity  is  the  result  of  reduced  vitality  of  the  mother 
rendering  her  incapable  of  discharging  the  eggs.  It  also  appears  that 
eggs  formed  early  in  the  reproductive  period  may  hatch  within  the  body 
as  well  as  those  produced  at  the  end,  and  the  writers  have  thus  far  dis- 
covered no  positive  evidence  of  any  inherent  predisposition  of  the  last 
formed  eggs  for  internal  hatching. 

There  is  no  question  that  this  appearance  of  young  within  the  body 
of  the  mother  constitutes  a  form  of  reproduction  and  that  the  resulting 
offspring  are  just  as  capable  of  continuing  the  species  as  those  arising 
from  hatching  outside  of  the  body.  In  reality,  these  two  forms  of  repro- 
duction are  only  superficially  distinct  and  the  use  of  the  terms  aviparauSy 
ovo-viviparouSy  and  viviparous  is  mainly  one  of  convenience  rather  than 
one  of  exact  distinction.  Lankester  (17,  p.  SOS)  holds  that  "really  all 
animals  are  viviparous,  for  the  birth-product  is  a  living  thing  whether 
it  is  a  naked  egg-cell  or  more  or  less  advanced  in  development.  The 
enclosure  of  the  birth-product  is  a  shell  or  case,  which  has  given  rise  to 
the  term  'oviparous'  is  not  of  any  value  as  indicating  the  real  degree  of 
development  of  the  young  at  birth,  for  in  some  cases  imfertilized  egg- 
cells,  in  others  mere  discs  of  developing  embryonic  cells  (as  in  birds,  etc.), 
and  in  yet  other  cases  well-shaped  young  ranging  from  the  early  larva 
of  some  invertebrates  up  to  the  completely  formed  miniatvure  of  the  adult, 
as  in  some  of  the  shellrbearing  snails,  may  be  enclosed  within  an  egg  shell 
^en  'laid'  by  the  mother.    There  is  accordingly  no  general  importance 
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to  be  attached  to  the  distinction  between  'viviparous'  and  'oviparous' 
animals. "  In  this  paper,  these  tenns  have  been  retained  for  the  sake 
of  convenience. 

Proportion  of  Sexes 

In  the  cultures  studied  by  the  writers,  the  total  egg  production  of 
females  varied  widely,  the  average  being  about  55  eggs  per  female.  The 
ma^rimiiTn  observed  was  196.  In  an  attempt  to  determine  the  propor- 
tion of  the  sexes  and  the  nimiber  of  eggs  and  young  per  female,  egg^ 
selected  at  random  were  isolated,  each  in  a  separate  culture.  Females 
resulting  from  these  eggs  were  mated  at  regular  intervals  throu^out 
their  lives.  A  con^)lete  daily  record  was  kept  of  all  eggs  laid  by  these 
females  and  the  sex  of  the  resulting  young  determined  by  rearing  them 
to  maturity.  Twenty-two  females  were  studied  in  this  way  and,  of  the 
437  resulting  offspring,  182  developed  into  males  and  291  became  females. 
Since  it  was  not  possible  to  eliminate  a  certain  mortality  among  the  ^gs 
and  larvae,  the  numbers  given  above  can  be  regarded  only  as  a  general 
indication.  They  do  show,  however,  that,  in  contrast  to  some  of  the 
bisexual  species,  the  males  are  very  common  although  the  females  are  in 
the  majority.  These  results  agree,  in  general,  with  those  of  Merrill  and 
Ford  C16,  p.  126). 

Records  from  the  progeny  of  22  females  show  that  in  the  vast  majority 
of  cases  both  males  and  females  appear  in  each  progeny  and  also  that  in 
most  of  the  progenies,  females  were  numerically  dominant.  Since  all 
the  evidence  indicates  that  the  species  is  exclusively  bisexual  in  its  mode 
of  reproduction,  a  suflBcient  number  of  males  is  demanded  to  maintaJTi 
the  generative  processes,  but  since  it  was  observed  that  a  single  male 
may  and  often  does  copulate  with  a  considerable  number  of  females,  it 
seems  probable  that  the  smaller  number  of  males  indicates  no  important 
disadvantage  in  the  multiplication  of  the  species.  In  fact,  the  numerical 
dominance  of  the  females  coupled  with  fewer  but  sexually  active  males 
may  possibly  facilitate  the  production  of  a  larger  niunber  of  offspring, 
even  if  the  locomotor  ability  is  poorly  developed. 

Cobb  ('18,  p.  477),  in  discussing  the  comparative  rarity  of  males 
in  free-living  nematodes,  states  that  "There  is  reason  to  think  that  in 
some  of  the  species  the  males  are  short-lived,  and  that  this  is  the  reason 
they  are  so  rarely  seen.  The  males  are  often  so  much  smaller  than  the 
females  that  they  are  easily  overlooked,  or  mistaken  for  young,  so  that  in 


Digitized  by  Google  J 


KEPRODUCTION  IN  CERTAIN  NEMATODES  171 

such  cases  the  rarity  of  the  males  may  easily  be  overestimated. "  Since 
the  length  of  life  of  the  males  and  females  of  Diplogaster  (arivara  is  vir- 
tuaUy  the  same  and  since  the  length  of  the  female  exceeds  the  length  of 
the  male  by  only  about  one-fifth,  it  would  seem  that  these  features  have 
not  affected  the  observations  on  this  species. 

Rate  of  Growth 
The  young  nematode,  upon  emerging  from  the  egg,  is  active  and  moves 
about  in  much  the  same  way  as  the  adult  Its  average  length  at  emer- 
gence is  about  0.238  mm.  and  the  average  diameter  about  0.015  mm.  A 
number  of  specimens  were  carefully  studied  in  individual  cultures  for 
the  rate  of  growth,  all  being  reared  under  the  same  conditions  and  all 
living  12-23  days  after  hatching.  Careful  measurements  were  made  at 
the  time  of  emergence  from  the  egg  and  at  regular  intervals  of  24  hours 
thereafter  throughout  the  life  of  each  individual.  Data  were  secured 
from  4  males  and  5  females  which  were  carried  through  their  entire 
existence,  each  manifesting  all  of  the  activities  of  a  normal  individual 
and  living  for  some  time  after  growth  had  ceased.  From  the  sedata, 
growth  curves  were  constructed  for  the  increase  in  length  and  diameter. 
These  curves  showed  a  striking  similarity,  not  only  in  the  different  indi- 
viduals of  the  same  sex,  but  also  in  the  individuals  of  the  different  sexes. 
Furthermore,  the  curves  for  the  increase  in  length  and  the  increase  in 
diiameter  showed  very  close  correspondence  in  every  case.  Growth 
begins  immediately  at  hatching  and  continues  uninterruptedly  for  a 
period,  after  which  it  ceases  permanently.  Composite  graphs  con- 
structed on  the  basis  of  the  individual  growth  curves  showed  that  growth 
in  both  length  and  diameter  ceases,  on  the  average,  on  the  8th-9th  day 
after  hatching.  In  all  cases  except  one,  the  variation  from  this  average 
was  very  slight,  the  exception  showing  no  growth  after  the  4th  day.  The 
average  length  of  the  males  at  the  end  of  the  growth  period  was  0.864  man. 
and  the  diameter  0.052  mm.,  while  the  length  of  the  females  was  1.105 
mm.  and  the  diameter  0.068  mm.  The  length  of  life  of  the  adult  follow- 
ing cessation  of  growth  varied  with  the  individual  from  6  to  15  days 
inclusive. 

Length  of  Life 
The  length  of  the  life  of  this  nematode  is,  no  doubt,  subject  to  varia- 
tion under  different  conditions.    One  series  of  eggs  kept  under  average 
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temperature  conditions  of  about  75**  F.,  variation  within  7®,  required 
an  average  of  17.9  hours  from  the  time  of  oviposition  to  hatching, 
the  variation  being  17-20  hours.  A  series  of  29  individuals  showed  an 
average  larval  period  of  3.75  days,  the  variation  being  1.3-8  days. 
Twenty-three  individuals  of  the  same  series  had  an  average  adult  life 
of  13  days,  the  variation  being  5-21  days.  The  average  life  of  the 
individual  outside  of  the  egg  was  found  to  be  about  17.1  days.  Including 
the  egg  stage,  the  average  life  was  approximately  18  days.  Assuming 
copulation  on  reaching  maturity,  a  generation  can  be  secured  in  about 
4.5-5  days.  But  very  little  difference  was  observed  in  the  length  of  life 
of  males  and  females. 

SUMMARY 

Methods 

1.  Some  of  the  free-Uving  and  semi-parasitic  nematodes  can  be  reared 
generation  after  generation  in  artificial  media  and  their  study  thus 
facilitated.  Two  species,  Cephalobus  dubius  Maupas  and  Diplogaskr 
ctrivora  Cobb,  were  cultured  continuously  for  over  three  years. 

2.  Cylindrical  glass  mounting-cells  sealed  with  pure  vaseline  to 
ordinary  microscope  slides  and  covered  with  vaselined  cover-masses 
were  found  to  be  the  most  suitable  containers  for  cidtiures.  Methods 
of  transference  are  described. 

3.  Of  the  numerous  substances  used  as  media,  a  very  dilute  sohition 
of  peptone,  diluted  yolk  of  hen's  egg,  and  Pfeffer's  synthetic  agar  were 
most  extensively  used.  The  eggs,  ovaries,  and  body  tissues  of  a  number 
of  insects  were  found  to  be  favorable  when  properly  prepared. 

4.  Unfavorable  cultural  conditions  developed  in  stock  cultures  which 
were  tightly  sealed.    Provision  for  ventilation  was  necessitated. 

5.  In  starting  cultures  of  Diplogaster  cmvora  from  new  stock  taken 
from.natiure,  mortaUty  in  the  first  generation  was  high  but  usually  a  few 
survived  in  the  new  medium  and  subsequent  nutintenance  then  became 
simple. 

6.  Temperatiures  above  80**  F.  are  imfavorable,  90**  F.  and  above 
proving  fatal.  These  nematodes  withstand  a  considerable  fluctuati<Hi 
of  temperature,  e.g.,  32**  F.  in  24  hours.  Temp«utures  as  low  as  40**  F. 
can  be  withstood,  at  least  for  a  limited  time.  Optimum  temperature 
conditions  seem  to  be  near  65-75**  F. 
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Cephalobus  DUBIUS 

1.  Observations  on  long  continued  cultures  of  Cephalobus  dubius 
involving  many  individuak  and  generations  revealed  no  traces  of  males 
and  reproduction  seems  undoubtedly  parthenogenetic.  If  males  ever 
appear,  they  must  be  extremely  rare  and  develop  under  conditions  of 
culture  different  in  some  unknown  respect  from  those  employed  by  the 
writers. 

2.  The  egg-laying  period  has  a  variation  of  6-44  days,  average  about 
16  days.  Oviposition,  once  initiated,  continues  uninterruptedly.  The 
daily  rate  increases  somewhat  gradually  to  the  middle  of  the  period  and 
then  declines.  As  many  as  27  eggs  per  day  may  be  deposited.  The 
total  number  of  eggs  per  individual  showed  a  variation  of  33-285,  average 
139.    Apparently,  all  eggs  were  capable  of  normal  development 

3.  Under  cultural  conditions,  larvae  emerge  from  eggs  2.5-4  da3rs 
after  oviposition  and  reach  maturity  in  8-14  days. 

4.  The  growth  period  and  the  larval  period  are  not  coterminal,  growth 
usually  ceasing  3-6  days  after  sexual  maturity,  diuing  which  tfane  an 
increase  in  body-size  of  about  10  per  cent,  occurs.  Larval  growth  is 
continuous  and  approximately  uniform.  The  average  daily  increase 
in  body-length  is  about  0.026  mm.  Growth  curves  of  different  individ- 
uals are  very  similar. 

5.  The  length  of  life  has  a  variation  of  20-61  days.  Computing  from 
the  first  eggs  of  a  parent,  a  new  generation  can  be  secured  in  cultures 
every  11-19  days. 

DiPLOGASTER  iCRIVORA 

1.  Diplogaster  (trivora  is  bisexual  and  males  are  completely  functional. 
One  female  may  copulate  with  several  males  and  males  may  behave  simi- 
larly towards  different  females. 

2.  Both  fertile  and  infertile  eggs  are  deposited.  Fertile  eggs  follow 
mating  for  a  time,  after  which  infertile  ^gs  are  laid  until  a  second  mating, 
after  which  the  same  sequence  usually  occurs.  Constant  exposure  to 
males  may  con^letdy  i^revent  deposition  of  infertile  eggs.  Approaching 
cessation  of  fertile  egg  production  is  often  indicated  by  the  appearance 
of  a  mixture  of  fertile  and  infertile  ^gs.  U^sually,  maximum  oviposition 
follows  the  first  mating. 

3.  All  of  the  evidence  indicates  that  the  female  must  be  mated  at 
intervals  throughout  the  egg  producing  period  in  order  to  fulfil  her  com- 
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plete  reproductive  capacity.  The  insuflSciency  of  one  mating  is  not 
definitely  understood  but  it  seems  probable  that  infertile  eggs  appear 
upon  the  exhaustion  of  the  spermatozoa  received  from  a  single  mating. 
A  similar  imperfection  in  the  reproductive  ability  ap|>ears  in  the  pro- 
tandric  hermaphroditic  nematodes  and  is  explained  by  Maiq>as  and  others 
as  due  to  exhaustion  of  the  limited  supply  of  spermatozoa. 

4.  Viviparity  occurs  from  time  to  time.  Young  appear,  first  within 
the  uterus,  then  later  within  the  body-cavity  of  the  mother,  feeding  upon 
her  internal  organs,  untimately  causing  her  death.  In  many  cases,  the 
interior  i^  completely  consumed,  leaving  nothing  but  the  transparent 
parental  cuticula  from  which  the  young  escape  to  take  up  indq)endent 
existence  in  the  surrounding  medium.  Young  so  produced  evidently 
originate  from  fertilized  ^gs  and  develop  into  both  males  and  females 
capable  of  normal  reproduction. 

5.  This  form  of  viviparity  has  been  observed  by  other  workers  and 
certain  factors  have  been  proposed  as  being  responsible  for  the  appearance 
of  this  phenomenon,  namely,  inanition  and  senility  (Maupas),  and  putre- 
faction of  the  medium  (Conte).  The  writers  have  incomplete  evidaice 
that  it  is  the  result  of  any  factor  or  group  of  factors  which  reduce  the 
vitality  of  the  mother.  Definite  evidence  was  secured  to  show  that, 
at  least  in  Difdogaster  cerivora,  age  is  not  always  an  accompan3ring  feature 
but  viviparity  may  appear  at  any  time  during  the  egg-laying  period. 

6.  Females  are  numerically  dominant,  both  in  mass  populations  and 
in  single  progenies.  Males,  however,  are  common  and  very  rarely 
absent,  even  in  a  single  generation.  Although  fertilization  is  evidently 
necessary  for  any  reproduction,  it  is  probable  that  the  smaller  nimibCT 
of  males  is  compensated  for  by  their  constant  presence  and  their  ability 
to  copulate  with  several  females. 

7.  Growth  curves  based  upon  daily  measurements  of  length  and 
diameter  are  strikingly  similar  for  all  individuals,  irrespective  of  sex. 
Composite  graphs  showed  the  cessation  of  growth  occurred  on  the  8th- 
9th  day.  The  length  of  life  following  cessation  of  growth  has  a  variation 
of  6-lS  days.. 

8.  The  average  length  of  life  under  cultural  conditions  is  about  18 
days.  A  new  generation  can  be  secured  every  4.5-5  days.  No  marked 
difference  in  the  length  of  life  of  males  and  females  was  observed. 
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A  NEW  AND  REMARKABLE  DIATOM-EATING  FLAGELLATE, 

JENNINGSIA  DIATOMOPHAGA  NOV.  GEN.,  NOV.  SPEC. 

Asa.  a.  Schaepfer 

Diagnosis.  Shape,  cylindrical,  180  microns  long  by  40  microns  in  diameter; 
very  metabolic.  Flagellum,  large,  150  microns  long.  Cuticula  with  spiral  striations 
1  to  2  microns  apart;  numerous  movable  club  shaped  appendages  about  one  and  one- 
half  microns  long  on  the  striations.  Large  central  nucleus,  35  microns  in  diameter. 
Large  contractile  vacuole  near  the  anterior  end.  Several  rod-like  structures  in  the 
pharynx  immediately  internal  to  a  large  mouth  at  the  anterior  end.  Numerous  bodies 
in  the  form  of  rings  or  strongly  biconcave  discs  from  1  to  3  microns  in  diameter,  in  the 
endoplasm;  large  clear  ^heres  up  to  6  microns  in  diameter  sometimes  present.  Loco- 
motion, creeping.  Food,  exclusively  diatoms.  Reproduction,  asexually,  by  longi- 
tudinal fission.    Habitat,  marshes,  among  algae  and  diatoms. 

This  remarkable  flagellate  has  come  imder  my  observation  on  three 
diff^ent  occasions:  February  27  and  March  31, 1916,  and  March  5,  1918. 
Li  the  three  instances,  material  was  collected  from  the  Lonsdale  marshes 
near  Knoxville,  and  allowed  to  stand  in  vessels  in  the  laboratory  for 
several  months.  The  organism  may  be  considered  rare,  for  frequent 
examinations  of  material  from  these  marshes  during  the  past  five  or  six 
years  has  revealed  its  presence  only  three  times. 

This  flagellate  does  not  occur  in  large  niunbers,  not  more  than  a  few 
hundred  being  found  at  any  one  time.  And  their  length  of  life  in  the 
culture  is  as  short  as  their  niunber  is  smalL  In  none  of  the  three  cases 
mentioned  did  they  remain  in  the  culture  for  more  than  a  week.  Its 
rarity,  and  the  difficulty  with  which  it  may  be  cultured  are  imf ortunate 
from  the  point  of  view  of  the  biologist,  for  its  predatory  animal  nature 
stands  out  in  striking  contrast  to  the  plant-like  character  of  some  of  its 
immediate  relatives. 

I  propose  for  this  organism  the  generic  name  Jenningsia,  in  honor 
of  my  friend  Professor  H.  S.  Jennings,  and  the  specific  name  diatamr 
ophaga, 

Jetmingsia  is  one  of  the  largest  members  of  the  flagellates.  Although 
the  average  length  is  about  180  microns,  several  individuals  were  found 
which  measured  260  microns,  exclusive  of  the  flagellum,  which  in  these 
individuals  measured  170  microns,  and  in  the  smaller  individuals,  150 
microns.  The  shape  of  the  body  is  cylindrical,  with  slightly  tapering 
anterior  end  and  very  blunt  but  also  slightly  tapering  posterior  end.    The 
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flagellum  is  very  stout  and  during  locomotion  is  directed  straight  ahead, 
only  the  apical  part  being  usually  in  active  motion  (figs.  1,  2). 

In  the  general  character  of  its  movements  this  organism  resembles 
peranema.  Locomotion  is  accomplished  only  by  creeping,  the  organism 
being  incapable  of  swimming.  \^olent  metabolic  movements  accompany 
locomotion  especially  when  an  obstacle  is  encountered  in  its  path.  Only 
rarely  is  the  organism  stretched  out  straight.  When  the  direcdon  of 
locomotion  is  changed  or  when  a  strong  stimulus  is  received  from  another 
organism  the  shape  assmned  during  locomotion  is  entirely  lost  in  a  very 
violent  twisting  and  kneading  movement,  which  soon,  however,  gives  way 
again  to  the  cylindrical  shape  characteristic  of  looHnotion.  A  very  sli^t 
stimulus  is  sufficient  to  cause  very  marked  metabolic  movements. 

The  exact  manner  in  which  locomotion  is  brought  about  could  not  be 
ascertained  satisfactorily,  but  it  was  observed  that  the  tip  of  the  flagellum 
was  habitually  bent  in  the  form  of  a  small  loop  which  was  used  somewhat 
in  the  manner  of  a  paddle  so  as  to  pull  the  organism  along.  During 
locomotion,  it  is  worthy  of  note,  the  organism  rolls  over  frequaitly 
though  not  regularly,  difiFering  in  this  respect  from  the  peranemas. 

Externally,  Jenningsia  is  radially  symmetrical  like  the  euglenas. 
The  body  is  covered  with  a  thin  cuticle  which  is  marked  with  ^iral 
striations  that  take  their  origin  in  the  mouth.  Small  slender  spindle- 
shaped  structiu-es  about  one  and  one-half  microns  in  length,  which  may 
readily  swing  about  in  the  water,  are  attached  to  the  striations  at  irr^ular 
intervals.  These  cuticular  spindles  are  most  numerous  near  the  extreme 
anterior  end. 

Internally  there  are  foimd:  a  large  central  oval  nucleus  about  35 
microns  in  diameter  with  a  central  denser  body  about  15  microns  in  dia- 
meter; a  complicated  contractile  vacuole  system  (similar  to  that  found 
in  euglenas)  near  the  anterior  end,  which  functions  several  times  a  minute; 
a  complicated  pluuynx  provided  with  stifif  rod-like  danents;  and  nun^ 
erous  strongly  biconcave  discs  or  rings  of  clear  bluish  green  material, 
ranging  from  one  to  three  microns  in  diameter.  One  or  more  large 
vacuoles  are  also  occasionally  found  in  the  posterior  haK  of  the  organism. 

Of  the  structures  just  enumerated  the  pharynx  is  of  especial  interest 
although  it  is  very  difficult  to  imder^tand  its  detailed  operation  while 
feeding.  In  the  moving  organism  one  can  see  two  rod-like  elements 
lying  with  their  anterior  ends  in  a  dear  space  free  from  protoplasm  and 
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protected  by  a  strong  arched  structure  on  the  anterior  side,  the  arch 
representing  the  lips  of  the  closed  mouth.  When  the  animal  is  com- 
pressed under  the  cover  glass  the  mouth  is  forced  open  and  three  large 
rods  are  now  seen  which  are  forced  partly  outwards  (fig.  3).  In  this 
process  some  of  the  small  rod-like  elements  disappear,  which  may  indicate 
that  these  apparent  rods  are  only  folds  of  cutide  occasion^  by  the 
dosure  of  the  mouth  and  the  retraction  of  the  pharynx.  Although  I 
have  seen  the  animal  devour  diatoms  on  several  occasions  I  have  been 
quite  unable  to  determine  exactly  how  the  rods  of  the  pharynx  operate 
during  this  process. 

Another  dement  of  interest  are  the  numerous  rings  or  discs  scattered 
throughout  the  endoplasm  (figs.  1,  4).  They  are  of  all  sizes  as  stated 
above  and  are  of  a  clear  but  pale  bluish  green  color.  They  are  unaffected 
by  the  ordinary  stains  or  iodine  but  dissolve  without  visible  change  in 
solutions  of  H1SO4.  In  their  general  appearance,  number,  and  behavior 
towards  reagents  they  are  similar  to  the  crystals  in  amebas  and  may 
possibly  be  formed  in  a  similar  manner.  They  are  not  active  imder  the 
polariscope.  It  is  probable  that  these  rings  or  discs  are  some  by-product 
of  metabolism. 

In  one  culture  of  few  but  large  individuals,  numerous  spherical  bodies 
were  observed  which  stained  deeply  with  haematein.  No  food  was 
observed  in  any  of  these  individuals. 

The  most  interesting  thing  about  this  organism  from  a  general  point 
of  view  is  its  mode  of  nutrition.  It  is  completely  holozoic  As  indicated 
by  its  proposed  specific  name,  its  food  is  living  diatoms  of  all  sizes  up  to 
100  microns  in  length.  I  have  examined  in  all  several  himdred  of  these 
organisms  and  nearly  all  of  them  had  from  one  to  five  diatoms,  mostly 
of  medium  size,  in  them.    No  other  food  objects  have  been  observed. 

The  feeding  process  is  very  difficult  to  observe  in  detail,  owing  to  the 
violent  metabolic  movements,  the  activity  of  the  complicated  pharjoix^ 
and  the  speed  with  which  the  food  is  devoured.  The  organism  moves 
along  with  the  tip  of  the  flagellum  moving  about  imtil  it  comes  into 
contact  with  a  diatom.  If  himgry,  the  flagellum  is  brought  into  contact 
with  the  diatom  as  much  as  possible  while  the  animal  continues  with  its 
forward  movement  When  the  anterior  end  of  the  organism  comes 
nearly  into  contact  with  the  diatom,  the  posterior  end  rears  up  and  vio- 
lent metabolic  movements  set  in.    The  anterior  end  is  brought  over  the 
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diatom  and  is  seen  to  q>read  out.  The  basal  part  of  the  flagellum  is 
also  seen  to  move  about  as  if  it  had  a  part  in  the  actual  swallowing  of  the 
food  particle.  Presently  the  diatom  is  seen  inside  the  flagellate,  which 
moves  away  within  a  few  seconds,  the  whole  process  of  feeding  taking 
place  within  about  20  seconds.  Although  I  saw  a  number  of  instances 
of  feeding  and  took  particular  pains  to  see  whether  the  pharyngeal  rods 
were  actually  protruded,  or  were  used  merely  in  distending  the  mouth,  I 
was  unable  to  determine  their  exact  function.  I  incline  to  think  how- 
ever, that  the  rods  were  not  protruded  beyond  the  mouth  opening. 
On  several  occasions  I  tested  their  reactions  to  carmine  particles  without 
obtaining  positive  reqx)nses,  although  one  specimen  so  tested  later 
devoured  a  diatom.  All  the  evidence  therefore  indicates  that  Jenmngsia 
is  a  predacious  animal  that  feeds  exclusively  on  living  diatoms. 

I  observed  but  one  instance  of  reproduction — asexual— which  was 
accomplished  by  longitudinal  splitting,  beginning  at  the  anterior  end  and 
extending  backwards.  One  of  the  daughters  inherits  the  old  flagellum, 
the  other  grows  a  new  one  during  divisiorL 

Jenningsia  affords  a  very  good  example  of  the  ease  with  which  fun- 
damental instincts  and  habits  may  be  changed  in  phylogeny,  for  it  is  an 
animal  descended  from  plants.  The  exclusively  predacious  instincts  of 
this  animal  contrast  strongly  with  the  true  holophjrtic  mode  of  nutrition 
of  some  of  the  closely  related  family  of  euglenas.  In  so  far  as  the  actual 
process  of  feeding  is  concerned  we  have  exhibited  within  the  span  of  the 
single  order  Euglenineae  all  the  general  methods  of  nutrition  known 
among  nucleated  organisms:  true  holophytic  nutrition  by  means  of 
<JJorophyll  among  euglenas;  saprophytic,  the  ingestion  of  decomposing 
nitrogenous  foods  either  liquid  (astasias)  or  solid  (peranemas);  holozoic, 
ingestion  of  carbohydrate  or  protein  materials — pieces  of  animal  or 
vegetal  tissues  (peranema) ;  holozoic,  ingestion  of  small  masses  of  bacteria 
or  pieces  of  animal  and  vegetal  tissues  and  on  living  protophyta  (dinema); 
holozoic,  predacious,  injestion  only  of  living,  moving  organisms  that, 
in  a  real  sense,  have  to  be  captured  (Jenningsia).  No  better  illustration 
than  this  could  be  found  of  the  combined  plant  and  animal  characteis 
of  the  Flagellata. 

The  change  from  a  holophytic  to  a  holozoic  type  of  nutriticm  in  the 
Euglenineae  has  been  made  possible  by  the  devdopment  of  the  pharynx. 
In  the  euglenas  the  pharynx  is  a  simple  tube-like  depression  at  the 
anterior  end  whose  chief  function  seems  to  be  that  of  an  efferent  drainage 
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canal  for  the  contractile  vacuole.  But  it  also  serves  as  a  means  of  taking 
into  the  body  small  solid  particles  as  has  been  shown  by  placing  carmine 
in  the  culture  fliiid.  The  taking  in  of  solid  matter  is  however  not  an 
essential  fimction  for  the  euglena,  but  it  is  of  interest  in  that  it  fore- 
shadows saprophytic  and  holozoic  instincts  and  modes  of  nutrition  in  the 
so-called  colorless  euglenas — ^the  astasias — and  in  the  peranemas. 

The  astasias  have  gone  a  step  further  than  the  euglenas.  They  have 
developed  a  larger  pharjmx  and,  we  may  suppose,  one  better  adapted  to 
taking  in  liquid  food.  At  the  same  time  they  have  also  lost  the  chloro- 
phyll from  their  bodies. 

The  peranemas  have  likewise  gone  a  step  further  than  the  astasias  in 
the  development  of  the  pharynx.  In  these  organisms  the  pharynx  is 
provided  with  special  rods  which  make  it  possible  to  open  and  close  the 
pharynx,  and  also  to  act  somewhat  like  a  suction  apparatus  by  means  of 
which  solid  matter  may  be  eaten  with  despatch.  Most  of  these  organ- 
isms are  small,  so  that  they  are  restricted  in  their  food  to  bacteria  or  small 
pieces  of  disintegrating  organisms.  In  Jenningsia  we  have  however  as 
a  most  important  development,  a  large  size,  so  that  it  is  possible  for  it 
to  feed  on  such  large  actively  moving  organisms  as  diatoms  in  a  truly 
predatory  manner. 

In  company  therefore  with  a  progressively  developing  tendency  in 
these  organisms  from  holophytic  to  holozoic  nutrition  in  a  physiological 
sense,  we  have  also,  on  the  morphological  side,  a  progressive  develop- 
ment of  the  pharynx  and  of  the  size  of  the  organism  which  makes  possible 
the  capturing  and  eating  of  relatively  large  masses  of  soUd  food  and 
actively  moving  organisms. 

UniversUy  of  Tenn,, 
KnoxviUe,  Term, 
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EXPLANATION  OF  PLATE 

Fig.  1.  Jermingsia  diatomophaga  In  locomotion.  Body  length,  180  miaons, 
flagellum  length,  150  microns,  cv,  contractile  vacuole;  d,  ingested  diatoms;  e,  exaetkA 
bodies;  m;  mouth;  n,  nucleus;  p,  pharynx;  r,  pharjoigeal  rods;  v,  vacuole. 

Fig.  2.  Photomicrogrs^h  of  living  /.  diatomophaga  in  locomotion.  The  dark 
masses  represent  ingested  diatoms.  The  basal  part  of  the  flagellimi  is  seen  at  the 
anterior  end. 

Fig.  3.  Sketch  of  anterior  end  compressed  under  cover  g^ass  to  force  open  the 
mouth,  m.  s,  cuticular  striations  originating  in  the  mouth  and  running  ^irally  around 
the  organism;  r,  the  pharyngeal  rods. 

Fig.  4.  Enlarged  view  of '' excretion"  discs,  a,  top  view;  b,  cross  section. 
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STUDIES  ON  AMERICAN  STEPHANOPHIALINAE* 

With  Two  Plates 

EsNEST  Caskoll  Faust 

Since  the  time  of  O.  F.  MiiUer  hehninthologists  have  recognized 
certam  distomes  which  are  characterized  by  a  coronet  of  papillae  around 
the  oral  opening.  These  were  first  classed  as  Armata,  which  group  in- 
cluded also  all  echinostome  species.  The  more  modem  studies  of  Looss 
and  Odhner  have  shown  that  certain  of  these  species  are  related  to  the 
Allocreadiidae.  With  Bunodera  luciopercae  (nodulosa)  as  the  type  Looss 
(1902:453)  proposed  the  subfamily  Bunoderinae  for  the  then  known 
forms,  Crepidostomum  meioecuSy  C.farioms  (laureaium),  Distomum  peUda- 
sum  and  Bunodera  luciopercae.  However,  the  enormous  extent  of  the 
uterus  crowding  the  entire  posterior  part  of  the  body  in  the  case  of 
Bimodera  and  the  scanty  coiling  of  the  uterus  entirely  anterior  to  the 
anterior  testis  in  the  case  of  the  other  species  constitutes  so  marked 
a  diflference  that  the  latter  species  were  necessarily  removed  from  the 
Bimoderinae.  Odhner  (1905,  1910)  placed  them  in  the  AUocreadiinae. 
Nicoll  (1909)  showed  that  they  were  more  closely  related  to  the  AUo- 
creadiinae than  to  the  Bunoderinae,  but  that  certain  diflFerences  possessed 
by  the  entire  group  justified  the  creation  of  a  new  subfamily,  Stephano- 
phialinae.  The  writer's  study  of  the  American  representatives  of  this 
group  stands  in  support  of  Nicoll's  thesis,  and  contributes  certain  data 
which  mark  out  this  subfamily  more  definitely. 

The  following  description  supplements  Nicoll's  original  diagnosis. 
The  integimient  is  usually  aspinose,  but  in  the  case  of  a  few  representa- 
tives of  Suphanipkiala  farionis  (fig.  3)  spines  are  foimd  around  the  oral 
sucker.  The  circumond  papillae  are  always  six  in  number,  altho  there 
is  a  tendency  for  the  dorsal  papillae  of  Crepidostomiun  spp.  to  bifurcate. 
The  yolk  glands  in  this  subfamily  extend  from  the  region  of  the  phar3mx 
to  the  posterior  end  of  the  body.  Moreover,  the  excretory  bladder 
extends  to  the  anterior  border  of  the  anterior  testis,  whereas  in  the  Buno- 
derinae it  is  a  small  pouch  posterior  to  the  testes.  In  the  AUocreadiinae 
as  at  present  constituted  there  is  no  common  type  of  excretory  bladder. 
In  the  genus  AUocreadium  it  terminates  behind  the  anterior  testis. 

*Coiitiibutioii8  from  the  2kx>logical  Laboratoiy  of  the  University  of  lUinois 
No.  115. 
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There  are  recognizable  in  the  subfamily  StqAanophiah'nae  three 
genera,  Stephanophiala,  Crepidostomiim  and  Acrolichanus.  Stephano- 
phiala  contains  the  cosmopolitan  species,  S,  farionis  (laureaUim),  and 
a  new  species,  5.  viteUoha,  Crepidostomiim  contains  the  type,  C.  mekt- 
cuSy  C.  comuium  and  a  new  species  C.  tUinoiense.  Acrolichanus  is  mono- 
typic,  being  represented  by  A.  petahsa.  The  type  species  of  the  Buno- 
derinae,  B.  luciopercae,  has  been  found  in  the  North  American  perch, 
Percaflavescens,  by  Stafford  (1904:489)  and  also  by  Lander. 

The  writer  is  indebted  to  Professor  Henry  B.  Ward  for  valuable  data 
and  material,  and  to  Professor  Edwin  Linton,  Professor  Henry  L.  Osbom, 
Dr.  Arthur  R.  Cooper  and  the  Bureau  of  Animal  Lidustry  of  Washington 
for  the  loan  of  material 

SUphanopkiala  NicoU  1909 

This  genus  was  created  by  NicoU  in  1909  to  separate  CrepidasUmmm 
farionis  of  Miiller  {laureatum  Zeder)  from  C.  mehecus.  The  sq)aiatian 
was  made  on  the  basis  of  1)  disposition  and  nimiber  of  the  oral  paiuUae, 
2)  position  of  the  genital  pore,  3)  size  of  the  cirrus  pouch,  and  4)  extent 
of  the  uterus  with  size  and  nimiber  of  the  ova.  These  are  the  characters 
which  require  that  Crepidostomum  farionis  be  placed  in  a  separate  genus 
from  C.  metoecuSy  but  Nicoll's  definition  of  Stephanophiala  is  obviously 
obscure  and  demands  more  precision  on  the  one  hand  and  more  flexiWlity 
on  the  other. 

Redesignation  of  Stephanophiala.  Minute  to  medium-sized  ABo- 
cread  species  with  six  subequal  rounded  papillae  encircling  the  oral  sucker 
laterally  and  dorsally.  Prepharynx  and  esophagus  short  as  in  the  ratire 
subfamily;  pharynx  about  one-half  size  of  the  oral  sucker.  Forking  of 
the  gut  a  little  distance  in  front  of  acetabulunL  Testes  median  tandem, 
larger  or  smaller  than  acetabulum.  Ovary  lateral  or  median.  Uterus 
composed  of  a  few  coils  between  anterior  testis  and  acetabulum,  with 
the  vagina  leading  directly  to  the  genital  aperture.  Cirrus  pouch  a  mus- 
cular S-shaped  sac  which  may  lie  entirely  dorsal  to  the  acetabulum  or 
may  extend  a  short  distance  behind,  but  never  extending  as  far  caudad 
as  in  Crepidostomum.  Genital  pore  always  anterior  to  the  forking  of 
the  gut.  Vitellaria  marginal,  somewhat  dorsal,  from  the  pharynx  to 
posterior  end  but  usually  encroaching  on  the  middle  field  in  the  region 
of  the  testes  and  farther  caudad.  Eggs  few  to  many,  averaging  about 
75m  in  length  by  45m  in  trans-section. 
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In  this  genus  are  included  Stephanopkiala  farionis  (O.F.M.)  and 
new  species,  S.  vUeUoba,  from  the  Bitter  Root  Valley,  Montana. 

Stephanopkiala  farumts  (O.  F.  Miiller) 
This  spedes  was  first  described  by  O.  F.  Miiller  in  1788.  It  has 
passed  thru  a  vicissitude  of  generic  names  including  Distoma,  Distoma 
(Crossodera),  Crossodera,  Lobostome,  and  Crepidostomiun.  It  has 
more  frequently  been  known  as  laureatum  of  Zeder  than  2LsfarioniSy  altho 
the  former  specific  designation  was  not  applied  imtil  some  twelve  years 
after  Miiller's  name  farionis  was  proposed.  In  the  Old  World  the  spedes 
has  been  described  from  Central  Europe,  Scandinavia,  and  England. 
In  the  Western  Hemisphere  it  has  been  reported  from  Canada  by  Stafford 
(1904)  and  Cooper  (1915)  and  from  Yellowstone  National  Park  by 
Linton  (1893).  Several  Salmonidae  and  Perddae  have  been. described 
as  host  of  this  spedes. 

The  writer's  material  for  the  study  of  this  spedes  in  North  America 
consists  of  parasites  of  Salmo  mykiss  lewisite  (Gir.)  collected  by  Linton 
from  Yellowstone  National  Park  and  described  by  him  (1893)  and,  in 
addition,  material  collected  by  Dr.  B.  H.  Ransom,  from  Park  Co., 
Montana,  in  1904,  and  lent  by  the  Bureau  of  Animal  Industry,  Washing- 
ton, D.C.  The  study  of  the  New  World  material  shows  it  to  bdong  to 
the  spedes  5.  farioniSy  but  it  shows  likewise  that  the  spedes  is  widely 
variable  in  several  characters. 

Detailed  descriptions  of  the  worm  have  been  given  by  CMsson  (1878: 
24),  Blanchard  (1891:481)  and  Nicoll  (1909:425)  and  need  not  be  con- 
sidered here.  However,  a  summary  of  the  constancy  and  variability 
of  certain  characters  may  well  have  a  place  in  this  paper.  In  length  the 
mature  worm  varies  from  1.2  mm.  (Ransom  material)  to  6  mm.  (maxi- 
mum record  of  Olsson).  The  ventral  sucker  is  always  larger  than  the 
oral  sucker,  altho  no  constant  ratio  has  been  foimd.  The  fluke  has  a 
short  prepharynx,  a  small  pharynx  and  an  esophagus  shorter  than  the 
pharynx.  The  gut  forks  a  little  distance  anterior  to  the  acetabulum. 
The  excretory  bladder  extends  to  the  anterior  border  of  the  anterior 
testis.  The  testes  are  median  tandem,  somewhat  larger  than  the  acetar 
bulum.  Anterior  to  them  is  the  ovary,  which  may  be  lateral  or  median 
in  position.  Most  variable  of  all  is  the  size  and  extent  of  the  cirrus  pouch. 
Its  posterior  Innit  in  some  individuals  may  be  near  the  center  of  the 
acetabulimi  as  Nicoll  has  found  in  his  material,  but  in  other  specimens 
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it  extends  bebind  the  posterior  margin  of  the  acetabulum.  In  all  cases, 
however,  its  internal  structure  is  the  same,  and  the  anterior  end  ahra3fs 
extends  anterior  to  the  genital  pore.  The  amount  of  coiling  of  the 
uterus  is  variable.  The  eggs  vary  in  niunber  from  few  to  about  one  hun- 
dred. They  vary  in  size  from  62  to  82m  in  length  and  40  to  59/i  in  cross 
secticxi. 

The  papillose  Allocread  species  have  been  uniformly  described  as 
aspinose.  A  small  per  cent  of  specimens  of  the  Ransom  collection  ha^e 
spines  on  the  integument  in  the  region  d^sal  and  lateral  to  the  oial 
sucker  (fig.  3).  They  are  so  definite  in  character  as  to  leave  no  room 
for  uncertainty.  The  small  number  of  individuals  of  this  coQection  so 
armed  makes  it  inadvisable  to  consider  them  as  a  distinct  variety. 

The  recogniticm  of  the  Amaican  specimens,  e^[>ecially  those  of  lintoo 
and  Ransom  as  Stepkanopkiala  farumis  shows  the  wide  distributioa  of 
this  species.  The  name  5.  transmarina  proposed  by  NicoU  (1909)  for 
the  American  specimens  of  this  species  consequently  becomes  untenabk 
and  is  to  be  considered  as  a  synonym. 

Stepkanopkiala  vUeUoha  nov.  spec. 

Stepkanopkiala  vUeUoha  was  taken  from  the  gall  bladder  of  a  sin^ 
specimen  of  Coregonus  williamsoni  Gir.  among  several  dozen  examined 
from  the  Bitter  Root  River,  at  Fort  Missoula,  Montana,  Feb.  18,  1916. 
Ten  specimens  were  found  at  the  head  of  the  gall  duct. 

The  worm  is  quite  cylindrical,  but  tapers  in  an  ovoid  fashion  at  the 
posterior  end.  At  the  anterior  end  there  is  a  slight  bending  ventiad, 
so  that  the  oral  sucker  is  directed  anterovaitrad.  Topping  the  dorsal 
portion  of  the  oral  sucker  are  six  subequal  blunt  p)apillae,  about  30  fi 
wide  and  20  m  in  depth.  About  one-third  of  the  distance  caudad  on  the 
ventral  side  the  acetabuliun  bulges  out  as  a  truncate  cone.  The  fluke 
is  1.11  to  1.4  mm.  long  by  0.277  mm.  wide  at  the  middle  of  the  body. 
The  oral  sucker  measures  0.148  nmi.  in  trans-section  and  the  acetabuhsn, 
0.176  to  0.185  mm.  The  integument  is  free  from  spines  but  has  smaD 
wartose  prominences. 

The  oral  atrium  leads  thru  a  very  short  prepharynx  into  a  band- 
shaped  pharynx,  74  fi  hi  diameter  and  about  100  m  hi  length.  At  the 
posterior  aid  of  the  pharynx  is  a  short  esophagus,  behind  whkh  the 
digestive  tube  bifurcates,  each  cecum  clawing  the  anterior  face  of  the 
acetabulum  and  then  running  caudad  to  a  position  near  the  posterior 
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end  of  the  worm.  The  wall  of  each  cecum  is  composed  of  about  eight 
to  ten  cells  in  cross  section,  with  roimded  walls  lining  the  lumen  of  the 
pK>uch  (fig.  11,  ce).  The  cecum  is  oval  in  cross  section,  about  35  fi  hi 
frontal  diameter  and  64  ^  along  the  sagittal  plane.  The  limien  is  scarcely 
as  large  as  the  cells  of  the  cecum  wall  Each  cell  is  filled  with  fine 
granular  material  and  has  an  oval  nucleus  6  m  in  section.  The  general 
appearance  of  the  cell  is  vesicular,  altho  no  vacuoles  have  been  found. 

The  excretory  pore  is  terminal  From  it,  extending  cephalad,  near 
the  dorsal  face  is  a  long  sacculate  bladder.  It  is  slightly  pouched  at  the 
posterior  end  but  soon  becomes  distinctly  tubular.  It  continues  foiv 
ward  as  a  single  tube  to  the  region  of  the  ootype  where  it  bifurcates, 
sending  forward  two  lateral  vessek.  Beyond  that  point  the  system  has 
not  been  traced.    The  bladder  has  no  granidar  inclusions. 

The  male  genital  organs  consist  of  two  testes,  eflforent  ducts,  muscular 
cirrus  and  seminal  vesicle.  The  testes  are  rounded  glands  lying  one 
behind  the  other  on  the  ventral  side  of  the  body  at  the  beginning  of  the 
posterior  half  of  the  body.  They  measiu-e  about  100  n  in  diameter. 
Each  testis  (fig.  11)  contains  a  great  nimiber  of  spherical  cells,  arranged 
almost  exactly  in  concentric  rows.  The  cells  are  about  6  fi  in  section. 
Toward  the  center  of  each  gland  are  found  various  stages  of  maturation 
up  to  spermatids  and  spermatozoa.  The  maturing  cells  occur  in  large 
aggregates,  so  that  they  form  large  clumps  of  densely  staining  bodies 
in  the  gonocoel.  From  the  outer  margin  of  each  testis  at  the  anterior 
end  a  vas  deferens  arises.  The  two  efferent  ducts  proceed  separately  to 
the  anterior  end  of  the  ovary  in  which  region  they  merge  into  the  pos- 
terior end  of  the  cirrus  sac.  The  cirrus  is  long  and  muscular.  It  bends 
on  itself  near  the  middle  of  the  acetabuliun  and  proceeds  again  forward 
in  the  region  of  the  left  cecum,  ending  at  the  genital  pore,  anterior  to  the 
forking  of  the  ceca.  The  portion  which  constitutes  the  seminal  vesicle 
is  located  at  the  S-bend  in  the  sac.  Prostate  glands  occur  in  the  anterior 
half  of  the  cirrus  pouch. 

The  female  genitalia  consist  of  ovary,  oviduct,  seminal  receptacle, 
Laurer's  canal,  vitellaria  and  vitelline  ducts,  shell  gland  and  uterus. 
The  ovary  lies  just  anterior  to  the  anterior  testis,  overlapping  it  in  part 
It  is  spherical,  lying  slightly  to  the  side  of  the  mid-plane  (figs.  5,  12,  o) 
and  measures  1 10  to  120  m  in  diameter.  A  coil  of  the  uterus  lies  below  it. 
The  immature  ovarian  cells  are  similar  to  those  of  the  testes,  but  some- 
what smaller.    The  short  oviduct  proceeds  ventrad  (fig.  8)  where  it 
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opens  into  the  ootyi>e.  On  the  left  of  the  ootype  is  a  pyrifbrm  recxp- 
taculiim  seminalis  and  branching  from  its  neck  is  a  tubular  sac,  Lameh 
canal,  directed  dorsad.  It  ends  blindly  near  the  dorsal  walL  On  the 
right  hand  side  is  a  clump  of  cells,  eight  or  ten  in  numb^ ,  with  dee(dj 
staining  cytoplasm  and  small  spherical  nuclei.  These  constitute  the  sbdl 
glands  of  authors.  Extending  lateral  right  and  left  from  the  ootype  are 
the  vitelline  ducts.  Their  plane  practically  divides  the  animal  into  equal 
halves.  The  vitellaria  are  the  most  characteristic  features  of  the  flub. 
Lateral  to  the  ceca  they  extend  from  the  extreme  ant^or  to  the  extras 
posterior  ends.  At  the  posterior  end  they  bend  forward  inside  the  ceca, 
extending  ahnost  to  the  ootype.  In  section  they  ^^)ear  as  distill 
chorda,  the  outer  series  large  and  at  times  divided  into  branches,  wb& 
the  smaller  inner  glands  constitute  a  single  stem,  flach  chordum  in 
section  is  composed  of  aggr^ates  of  vesicular  cells  of  irregular  polygonal 
outline  and  large  spherical  nuclei  which  display  great  ntonbers  of  mitotic 
figures.    The  entire  cell  is  rich  in  chromatic  materials. 

From  the  ootype  the  uterus  coils  forward,  opening  to  the  ri^t  of  the 
drrus  sac.  It  contains  from  four  to  ei^t  eggs.  The  eggs  are  oval,  with 
a  lemon  colored  shell  and  operculum  at  one  end.  They  measure  about 
77  fi  in  length  by  42  fi  in  trans-section.  The  egg  is  filled  with  gnnular 
cytoplasm  and  has,  in  addition,  from  twelve  to  twenty-four  ovate  vitd- 
line  cells. 

Crepidosiamum  Braun  1900 

This  genus  was  created  by  Braim  (1900)  to  include  the  spedes  Dis- 
tomum  farionis  (laureaium)  and  Z>.  metoecus,  designating  p)apQIose  Alio- 
creadine  species,  which  unlike  Bimodera,  have  the  uterus  confined  anter- 
ior to  the  anterior  testis.  The  discovery  of  other  species  related  to  these 
shows  that  these  Old  World  species  are  to  be  regarded  as  types  of  distinct 
genera.  The  present  study  shows  the  close  relationship  of  Crepidosiowmm 
metoecuSy  C.  comulum,  and  C.  tUinoiense.  On  the  basis  of  a  study  ol 
these  three  species  a  redesignation  of  the  genus  follows. 

Redesignation  of  Crqpidostomum.  Minute  to  inframedium  a^»no« 
Allocreadine  species  with  six  oral  ps^illae,  of  which  the  ventral  pair  coo- 
sist  of  laterally  extending  muscular  processes  which  taper  to  an  acute 
point.  Dorsal  papillae  showing  a  tendency  toward  bifurcation-  Short 
prepharynx  and  esophagus;  pharjmx  minute.  Gut  forking  occurs  a 
little  or  a  considerable  distance  in  front  of  acetabulum,  dq)cnding  oo 
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expansion  or  contraction  of  prephar3mx  and  esophagus.  Excretory 
bladder  extending  to  anterior  border  of  anterior  testis.  Testes  median 
tandem.  Ovary  lateral  or  median,  just  anterior  to  testes.  Vitellaria 
from  pharynx  to  posterior  end.  Vitelline  follicles  sparsely  scattered 
anterior  to  ootype.  Cirrus  sac  large,  muscular,  often  convoluted,  ex- 
tending from  ootype  to  front  of  acetabulum.  Genital  pore  ventral  or 
posterior  to  forking  of  gut.  Uterus  consisting  of  several  coils  anterior 
to  anterior  testis.  Eggs  one  to  several,  varying  in  size  from  55  by  40.9  m 
for  C.  metoecus  to  70  by  41  n  for  C.  corntUum.  Found  in  various  fishes  in 
North  America  and  in  VespertUio  lasiopierus  in  Europe.  Yoimg  of 
American  species  have  been  found  in  Cambarus  spp. 

Crepidostomum  camiUum  (Osbom)  1903 
This  spedes,  originally  designated  as  Bunodera  camuta,  was  de- 
scribed from  material  from  Mtcropierus  ddomieu,  Atnbhplites  rupcstris, 
and  Ameiurus  nebulosus,  taken  from  Chautauqua  Lake,  New  York. 
It  has  since  been  foimd  in  Canada  by  StaflFord  (1904:490)  in  the  distomu- 
Itmi  stage  in  Cambarus  sp.  and  by  Cooper  (1915:193)  as  adults  in  Mtcrop- 
ierus dolomieuy  AnibloplUes  rupestris^  and  Amieurus  lacustris  and  in 
the  distomulimi  stage  in  Cambarus  spp. 

The  material  on  which  the  original  description  is  based  (Osbom  1903) 
bears  evidence  of  being  not  one  species  but  three  species,  namely,  a 
Crepidostomiun  species  which  must  be  regarded  as  the  carmUum  type, 
Acrolichanus  petdosa  (Lander),  and  a  Bimoderan  spedes,  probably 
luciopercae.  Specimens  from  Professor  Osbom  which  the  writer  has 
been  enabled  to  examine  consist  of  Crepidostamum  cornuium  and  Acrth 
Uchanus  petdosa.  The  fact  that  the  cornuium  individuals  have  a  muscu- 
lar cirrus  sac  and  a  short  uterus  coil  never  encroaching  on  the  territory 
of  the  testes  or  farther  caudad  precludes  any  possibility  of  regarding 
them  as  Bunoderans.  While  figures  1  to  6  of  Osbom's  paper  are  ac- 
ceptable as  representatives  of  C.  cortiuium,  fig.  7  is  distinctly  a  Bunoderan. 
Thus  it  becomes  necessary  to  redescribe  C.  corntdum  and  limit  the  type 
more  definitely. 

The  size  of  C.  cornuium  is  variable.  Its  length  ranges  from  0.9  to 
3.0  mm.  and  its  width  from  0.2  to  0.9  mm.  While  it  is  slightiy  narrower 
at  the  posterior  end  than  in  the  region  of  the  acetabulum,  the  tapering 
is  so  gradual  as  to  be  almost  inconspicuous.  The  oral  sucker  is  commonly 
as  wide  as  the  body  or  even  wider,  its  diameter  varying  from  0.33  to 
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0.46  nun.  The  acetabulum  is  considerably  smaller,  from  0.15  to  Oil 
mm.  in  trans-secticm.    It  lies  in  the  anteric^  quarter  of  the  body. 

Of  the  six  pi^ullae  crowning  the  oral  sucker  the  ventral  pair  an 
lateral  extentsions  (A  the  sucker  itsdf ,  giving  the  appearance  on  the 
whole  of  turned  flanges  (fig.  14).  The  four  remaining  ps^xllae  are  ec^ 
in  size  and  inccHisfHCuous  in  detail 

The  orifice  leads  thru  a  short  pr^harynx  into  a  small  oval  pharym 
about  50m  in  cross  section.  Behind  the  pharynx  is  a  short  esophagus 
of  equal  length.  The  digestive  tract  usually  bifurcates  some  httk  <£>- 
tance  in  front  of  the  acetabuhmL  Long  tubular  ceca  extend  to  near  the 
caudal  extremity  of  the  body. 

The  excretory  system  as  far  as  it  has  been  made  out  consists  of  aloog 
bladder  arising  from  a  caudal  excretory  pore  and  ending  near  the  anterioi 
border  of  the  anterior  testis.    The  tubules  have  not  been  studied. 

Turning  to  the  genital  organs,  large  testes,  capable  of  considerafak 
dongation  or  widening,  lie  tandem  in  the  posterior  half  of  the  body. 
Osbom  (1903:69-71)  has  described  slender  vasa  deferentia  which  run 
from  the  testes  along  the  dorsal  side  of  the  fluke,  merging  into  a  sin^ 
duct  at  the  base  of  the  dmis  sac  (fig.  6).  From  ventral  a^)ect  the  ovary 
is  seen  sometimes  on  the  right,  sometimes  on  the  IdFt  It  is  oval  and 
considerably  larger  than  the  rec^taculum  seminahs.  The  ootypc  b 
located  in  about  the  center  of  the  body.  Its  relation  to  the  fanak 
genital  organs  is  shown  in  Osbom's  figure  6.  The  viteQaria  are  situated 
in  rather  definite  chorda,  closely  surroimding  the  ceca  cai  the  sides. 
Anterior  to  the  ootype  they  are  composed  of  minute  follides.  They 
usually  extend  from  the  pharynx  to  the  posterior  end  of  the  body.  Thqr 
do  not  encroach  on  the  median  field  as  do  the  follides  in  C.  Ulinoiense, 

The  uterus  in  the  mature  worm  consists  of  several  coils  anterior  to 
the  anterior  testis,  with  a  terminal  p>ortion  directed  forward  over  the 
acetabulum  toward  the  genital  pore.  The  genital  pore  is  ventral  or 
slightly  posterior  to  the  bifurcation  of  the  gut.  Osbom  (1903:72)  has 
foimd  its  anterior  end  to  be  muscular.  The  eggs  of  C.  carmf^m  are 
not  nunerous;  they  range  up  to  about  twenty.  They  measure  65  to 
71  ^i  in  length  by  41  ^  in  cross  diameter.  The  cirrus  sac  is  a  long  coikd 
muscular  organ  arising  in  the  region  of  the  ootype.  At  times  its  coo- 
volutions  separate  the  ovary  from  the  receptaculum  seminalis.   The 
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-writer  has  found  both  the  vesicle  and  the  ductus  ejaculatorius  to  be  ex- 
tensively muscular.  As  is  commonly  found  in  the  Stephanophialinae 
the  ductus  is  surrounded  by  prostate  glands. 

Crepidostomum  ilUnoiense  nov.  spec. 

This  minute  fluke  was  taken  from  the  intestine  of  the  crappie,  Porno- 
xis  sparaides  (Lac.),  at  Havana,  Illinois,  July  11,  1910,  by  Dr.  H.  J. 
Van  Cleave  for  Professor  Henry  B.  Ward,  to  whom  the  writer  is  indebted 
for  the  material  A  large  number  of  specimens  were  secured  from  the 
intestine  of  the  host. 

The  worm  is  elongate  in  outline,  with  a  greatest  width  of  0.15  to 
0.18  mm.  in  the  region  of  the  acetabulum,  posterior  to  which  it  gradually 
tapers  to  a  distinctly  conical  end.  The  acetabulum  measures  from  76 
to  88m  ii^  trans-section,  While  the  oral  sucker  is  almost  twice  as  large. 
Crowning  the  oral  sucker  is  a  cluster  of  six  papillae,  two  ventral,  two 
dorsolateral  and  two  distinctly  dorsal  (fig.  17).  The  ventral  papillae 
emerge  from  the  sides  of  the  posterior  margin  of  the  oral  sucker,  but  are 
always  intimately  connected  with  an  anterior  folding  of  the  sucker.  Each 
papilla  extends  laterad  about  15  ju  then  is  flexed  dorsad  some  5  to  7/i> 
terminating  in  a  distinct  point.  The  dorsolateral  papillae  are  triangular 
with  rounded  comers.  They  extend  forward  and  dorsad.  The  dorsal 
papillae  lie  directly  above  the  orifice.  They  are  separated  from  one 
another  by  an  inconspicuous  sinus.  Each  dorsal  papilla  is  bifurcate, 
altho  the  notch  is  not  deep.  Altho  there  is  no  fundamental  muscular 
connection  between  the  dorsal  and  the  dorso-lateral  papillae,  folds  of  the 
integument  stretch  across  the  intervening  notch,  giving  the  appearance 
superficially  of  a  s3anpapillose  condition.    The  body  is  imarmed. 

The  mouth  opens  thru  a  short  prepharynx  into  a  spherical  pharynx 
of  26  M  diameter.  Behind  this  organ  is  an  esophagus  of  equal  length. 
The  bifurcation  of  the  digestive  tract  occurs  just  a  little  anterior  to  the 
acetabulum.  The  ceca  are  long  attenuate  tubes  reaching  to  the  extreme 
posterior  limits  of  the  worm. 

The  excretory  system  (fig.  19)  was  found  only  in  sections.  The  pore 
is  caudal  in  position.  For  a  short  distance  forward  the  bladder  is  muscu- 
lar, but  as  it  bends  dorsad  its  lining  is  entirely  parenchjmMitous.  The 
tube  gradually  becomes  more  and  more  attenuate  in  the  vidnity  of  the 
testes  and  ends  just  dorsal  to  the  anterior  wall  of  the  anterior  testis. 
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The  ovary  is  a  medium-sized  renifonn  body  lying  just  bdiind  the 
acetabulum.  In  ventral  view  it  is  covered  on  the  right  side  by  the  drnis 
pouch  and  on  the  left  by  the  uterus.  In  a  median  Une  just  behind  the 
ovary  Ues  the  ootype,  and  on  the  right,  posterior  to  the  ootype,  is  a  laigc 
pyriform  receptaculum  seminaHs.  The  testes  lie  tandem  in  the  third 
quarter  of  the  body.  The  anterior  one  is  sometimes  conqsressed  longi- 
tudinally so  that  it  reaches  laterad  almost  to  the  ceca.  The  dmis  pooch 
is  an  extremely  long  muscular  organ,  originating  some  distance  postoioi 
to  the  ootype  and  extending  forward  over  the  acetabulum  to  tenninate 
at  the  g«iital  pore,  ventral  to  the  forking  of  the  gut.  It  is  capable  of 
considerable  eversion.  The  vitelline  glands  at  the  margins  of  the  bocfy 
extend  from  pharynx  to  posterior  end  <rf  the  body.  Anterior  to  the 
acetabulum  they  are  few  and  smaU.  In  the  region  of  the  testes  thqr 
encroach  on  the  median  (»^ans  and  fill  the  entire  dorsal  portion  of  the 
worm  posterior  to  the  testes.  The  uterus  is  an  uncoiled  tube  which  runs 
directly  to  the  genital  pore.  The  eggs  occur  angly  or  at  most  m  pairs. 
The  mature  egg  measures  63  by  40  /x.  The  shell  of  the  immature  egg 
is  colorless,  while  the  yolk  follicles  are  yellow;  the  shell  of  the  matme 
egg  is  a  dark  golden  yellow,  concealing  the  color  of  the  yolk  material 

Acrolichanus  Ward  1918 

The  name  Acrolichanus  was  substituted  by  Ward  (1918:396)  to  re- 
place Acrodactyla  of  Stafford  1904,  preoccupied.  The  genus  at  the 
present  time  includes  a  single  species,  first  described  by  Looss  (1902:454) 
as  DisUnnum  petdosum  Lander.  The  type  material  was  secured  fitjm 
the  Lake  sturge<Mi,  Acipenser  rubicundus  Le  S.,  from  the  vicinity  of  Ann 
Arbor,  Michigan.  The  species  has  also  been  found  by  Stafford  (1901) 
and  Cooper  (1915:194, 195)  in  the  same  host  in  Canadian  waters.  It  is 
highly  probable  that  Distomum  auricviaium  Wedl  (?)  of  Linton  (1898: 
491)  and  Bunodera  linioni  Pratt  (Linton  1901:435)  are  synonyms  <rf 
Acrolichanm  petdosa.  The  tyi^  D.  auriculaUtm  Wedl,  described  from 
Europe  as  a  parasite  of  Acipenser  ndhendus  (Wedl  1857*242,  243)  is 
so  inadequately  described  that  it  seems  unwise  to  give  it  a  systematk 
position. 

Redesignation  of  Acrolichanus.  Inframedium  Stq>haliphialine  spe- 
cies with  six  oral  papillae,  of  which  the  ventral  pair  is  draped  over  the 
anterior  end  of  the  oral  sucker.  Excretoay  bladder  dilated  with  con- 
spicuous constriction  at  posterior  end.    Testes  median  tandem  ot  slightly 
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oblique.    Ovary  dose  behind  acetabulum;  viteUaria  composed  of  sparse- 
ly scattered  follicles.    Cirrus  sac  ending  in  a  large  conspicuous  sphincter. 

AcroUchanus  pekUosa  (Lander)  1902 

AcroUchanus  peUdosa  has  been  referred  to  frequently  in  the  literature 
but  has  never  been  adequately  described.  The  writer  has  had  access 
to  material  and  records  of  this  species  from  the  following  sources:  1) 
original  drawings  of  Lander's  type  material,  2)  drawings  made  by  Pro- 
fessor Henry  B.  Ward  of  material  seciured  from  Cambarus  sp.,  at  Ann 
Arbor,  Mich.,  1893  (Ward  1894:180),  3)  material  on  which  Cooper's 
record  (1915)  is  based,  and  4)  specimens  of  Osbom's  material  from 
Ambloplftes  rupestris, 

A,  pekUosa  is  mframedium  in  size,  averaging  from  1.5  to  2.5  mm.  in 
length  and  0.32  to  0.54  mm.  in  width.  The  acetabulum  Ues  at  the 
posterior  limit  of  the  anterior  third  of  the  body.  It  measures  0.16  to 
0.32  mm.  in  cross  section.  The  oral  sucker  measures  from  0.27  to  0.45 
mm.  The  body  is  aspinose.  The  disposition  of  the  oral  papillae  as 
seen  from  the  front  and  below  is  strikingly  similar  to  a  notched  geranium 
leaf.  The  six  lobes  are  practically  equal;  the  ventrals  are  directed  caudad 
and  their  folds  continue  mesad  so  that  they  meet  in  an  acute  notch  just 
imder  the  oral  sucker  (fig.  20).  A  very  short  prepharynx  leads  into 
a  pharynx  which  is  at  times  oval  but  is  more  often  campanulate. 
A  short  esophagus  bends  dorsad  from  the  phar3aix  (fig.  21),  so 
that  the  ceca  frequently  appear  to  airse  from  the  base  of  the  phar- 
3mx.  The  ceca  originate  some  Uttle  distance  anterior  to  the  acetabulum 
and  extend  as  large  pouches  to  the  subcaudal  region  of  the  worm.  The 
cells  of  the  ceca  are  small,  from  ten  to  fourteen  being  found  in  a  cross  sec- 
tion. 

The  excretory  bladder  arises  posteriorly  from  an  inconspicuous  caudal 
pore.  For  a  short  distance  it  consists  of  a  small  tube,  but  soon  enlarges 
into  an  irregular  pouch  lined  with  a  thin  layer  of  cells  (fig.  26).  The 
pouch  ends  at  the  anterior  margin  of  the  anterior  testis,  from  which  region 
a  pair  of  lateral  tubes  can  be  traced  forward  for  a  short  distance  in  pre- 
served specimens.  The  writer  is  indebted  to  Professor  Henry  B.  Ward 
for  Lander's  data  regarding  the  details  of  the  tubule  system.  From 
the  sides  of  the  anterior  extremity  of  the  bladd^  a  pair  of  single  tubules 
arises.  Each  tubule  soon  bifurcates,  one  branch  coursing  forward  and 
the  other  caudad.    Capillaries  ending  in  flame  cells  arise  along  each 
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lateral  tubule.  As  many  as  six  flame  ceUs  have  been  found  anterior 
to  the  f orkmg  of  the  system,  while  eight  have  been  found  postoicf  to 
this  separation.  The  anterior  limit  of  the  system  is  in  the  region  d  the 
ldiar3mx. 

The  ovary,  a  medium-sized  ovoid  gland,  is  usually  located  latenl  to 
the  median  line,  inmiediatdy  bdiind  the  acetabulum.  Tlie  recq>tacQ- 
limi  seminalis  is  very  minute.  The  testes  are  large  ovate  organs,  lying 
in  the  third  or  fourth  quarter  of  the  body.  The  ootype  is  median,  just 
behind  the  ovary.  Laurer*s  canal  which  is  on  the  Irft  (fig.  25)  meets 
the  duct  from  the  rec^taculum  seminalis  and  both  open,  into  the  oot]fpe 
from  above  (fig.  27).  The  sparsely  scattered  vitdlaria  extend  from  the 
pharynx  to  near  the  posterior  end  of  the  body.  Their  transvose  (facts 
empty  into  the  ootype  from  a  ventrolateral  direction. 

The  uterus  emerges  from  the  posterior  margin  of  the  ootype.  After 
coiling  once  it  runs  forwards  to  the  ri^t  of  the  acetabulum  to  the  genitai 
pore.  The  eggs  are  few  to  several  in  number,  averaging  up  to  twenty- 
five  in  some  cases.  Each  egg  measures  70  to  72  m  in  length  by  40  to 
SO/i  in  cross  section.  The  op«xndum  is  small  but  distinct  (fig.  23).  As 
in  the  eggs  of  the  other  Stq)hanophialinae,  many  yolk  cells  are  found 
The  small  efferent  ducts  from  the  testes  converge  in  the  plane  of  the 
ovary.  The  muscular  cirrus  sac  begins  at  this  junction.  It  is  dandne 
in  shape,  except  for  a  lateral  bulge  in  the  portion  dorsal  to  the  acetabuhan. 
This  bulge  is  due  to  the  convolution  of  the  seminal  vesicle  which  occqxcs 
the  middle  region  of  the  cirrus  sac.  The  ductus  ejaculatorius  is  oa- 
spicuously  muscular.  Both  the  seminal  vesicle  and  the  ductus  are  sop- 
plied  with  glands.  The  opening  of  the  ductus  lies  posterior  to  the  forking 
of  the  gut.    It  is  provided  with  a  powerful  sphincter  (fig.  27). 

The  structure  of  the  oral  papillae  is  of  a  deep-seated  character.  It  is 
made  up  of  an  outermost  basement  membrane,  within  which  are  several 
enveloping  muscle  strands,  the  nuclei  of  which  can  be  made  out  plainly 
(fig.  28).  Within  the  center  of  the  papilla  is  a  core  of  longitudiBal 
muscle  strands.  Both  of  these  series  are  distinct  from  those  makingup 
the  oral  sucker. 

The  nudn  features  of  the  worm  are  made  out  in  very  3^ung  dxstomuia 
(fig.  29).  These  include  the  campanulate  pharynx,  distinct  genital 
cells,  representing  testes,  ovary  and  anterior  ^hincter  of  drrus  sac, 
sparsely  scattered  vitellaria,  and  the  constriction  of  the  excretory  bladder 
at  the  posterior  aid.    Eyespots  are  also  present  in  yoimg  wonns. 
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KEY  TO  THE  SUB-FAMILY  STEPHANOPHIALINAE 

1  (4)    Ciinis  pouch  small  to  inframedium,  mostly  lying  over  the  acetabulum;  genital 

pore  anterior  to  the  forking  of  the  gut;  ps^illae  siibequal 

Stephanophiala 2 

2  (3)    Oral  sucker  smaller  than  acetabuliun;  testes  larger  than  acetabuliun;  eggs 

few  to  many,  varying  in  size  from  62  to  85^  by  40  to  59^;  integtunent  occa- 
sionally spinose S.  farumis   (O.   F.   M.) 

3  (2)    Oral  sucker  smaller  than  acetabulum;  testes  smaller  than  acetabulum;  eggs 

few,   77m  by  42m S,  nUUoba  Faust 

4  (1)    Cirrus  pouch  large,  extending  some  distance  behind  the  posterior  limit  of  the 

acetabuliun;  genital  pore  posterior  or  ventral  to  the  forking  of  the  gut;  ven- 

.tral  papillae  Uxge,  differentiated 5 

5(10)    Ventral  papillae  extending  laterad,  tapering  to  acute  points;  cirrus  pouch 
weU  developed,  muscular,  tapering  to  a  small  ductus  ejaculatorius  .... 

Crepidostomum 6 

6  (7)    Dorsal  ps^illae  entire,  not  tending  to  bifurcate;  pharynx  very  small  .... 

.  .  .  .  C.  comiUum  (Osbom) 

7  (6)    Dorsal  papillae  tending  to  bifurcate;  pharynx  about  one-half  diameter  of  oral 

sucker 8 

8  (9)    Inframedium  in  size,  testes  very  large C.  meioecus  Braim 

9  (8)    Minute,  testes  relatively  small C.  iUinoiense  Faust 

10(5)    Ventral  papillae  extending  as  folds  over  the  anterior  portion  of  the  oral  cavity; 

ductus  ejaculatorius  with  a  poweriully  miisctilar  end  .  .  .  Acrolichanus 
Single  species A.  pdalosa  (Lander) 

Biology  of  the  Stephanophtdinae 

While  no  faunistic-biological  reconnoissance  of  the  Stephanophialinae 
will  be  attempted  in  this  paper  on  account  of  the  incompleteness  of 
many  of  the  records,  the  data  are  nevertheless  sufficiently  adequate  to 
indicate  some  of  the  important  biological  relations  of  the  group. 

With  the  exception  of  Crepidostomum  metoectis  Braim  all  of  the  de- 
scribed species  are  parasites  of  fresh-water  fishes.  Stephanophiala 
farionis  (O.F.M.),  the  species  most  widely  distributed  geographicaUy, 
has  also  the  greatest  host  distribution.  European  investigators  have 
reported  it  from  Truttafario  (L.),  T.  truUa  (L.),  EpiUmynis  salveUnus 
(L.),  Thymattus  thymaUus  (L.),  and  Coregonus  oxyrhinchus  (L.),  while 
American  students  have  found  it  in  SalveUnus  fonUnalis  Mitch.,  Perca 
flavescens  (Mitch.),  Eupomotis  gibbosus  (L.),  Boleosoma  nigrum  (Raf.), 
Etheostoma  iowae  J.  and  M.,  SUzostedion  vitreum  (Mitch.),  and  Salma 
mykiss  lewisii  (Gir.).  In  addition  Stafford  (1904:490)  has  reported  this 
spedes  from  Necturus  maculatus.     Crepidostomum  cornutum  (Osbom), 
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while  limited  to  the  Eastern  part  of  the  United  States  and  Canada,  his 
been  found  in  MicropUrus  dolomieu  Lac.,  AnMoftUes  rupesiris  (RaL), 
Ameiurus  Uicustris  (Walb.),  and  A.  nebulosus  (Le  S.)-  AcrMckamu 
pdahsa  (Lander)  has  been  found  in  various  localities  in  the  Great  Lakes 
and  St.  Lawrence  Basin,  in  each  case  from  the  same  species  of  host, 
Adpenser  rubicundus  Le  S.  The  spedes  described  as  new  in  this  paper, 
SiepkanopMala  vUMoba  and  Crepidostomum  ittinoieHse,  have  each  been 
found  in  but  a  ^ngle  host  in  a  single  locality. 

The  normal  seat  (A  these  parasites  is  the  anterior  part  of  the  smaD 
intestine,  altho  they  have  been  recorded  from  the  posterior  end  of  the 
intestine,  the  pyloric  ceca,  the  gall  bladder,  and  the  stomach.  It  is  also 
a  matter  of  record  that  the  related  species  Bunodera  luciopercae  (O.F  Ji.) 
has  wandered  out  of  its  host  after  the  death  of  the  latter. 

Sufficient  data  are  not  at  hand  to  determine  annual  cydes  of  infection 
in  the  host. 

The  life  history  of  no  one  of  the  species  of  the  Stephanc^hialinae 
has  been  worked  out.  That  there  is  an  intermediate  host  is  a  certainty, 
since  immatiu^  specimens  of  Crepidostomum  comuium  and  AcroUchauiS 
pdalosa  have  been  found  in  abimdance  in  the  crawfish,  and  cysts  of 
immature  SUphanopkiala  farionis  have  been  taken  from  Hexagooia  sp. 
But  the  type  of  cercaria  is  not  known.  However,  ance  the  cercaria  erf 
the  near  relative,  AUocreadium  isoporumy  is  a  rhopalocercous  type  and 
the  precocious  Allocread  spedes,  Cercaria  macrostoma  Faust,  is  a  cysto- 
cercous  type,  it  is  highly  probable  that  the  StephanophiaUne  spcaes 
have  cercariae  that  are  provided  with  heavy  tails.  It  is  evident  that 
the  cercariae  have  pigmented  eyes,  since  representative  spedes  of  all 
three  genera  of  this  group  show  the  remains  of  these  ^res  in  their  imma- 
ture stages.  Moreover,  since  the  miraddium  of  Bunodera  luciopercae 
has  pigment  eye-spots,  it  is  possible  that  the  miraddia  of  the  Stephano- 
phialinae  are  also  pigmented. 

A  tentative  life  history  scheme  for  the  various  spedes  of  Stqjhano- 
phialinae  may  be  outlined  as  follows: 
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miraddium-  >  sporocyst-  >  cercaria-  >  distomulum-  >  adult  distome 
or  with  heavy 

redia  tail  and 

eye-spots 


V Y  V 

in  snail  in  insect        in  fresh  water 

or  fishes  (exception- 

crustacean      ally  in  other  ver- 
tebrates) 
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EXPLANATION  OF  FIGURES 

c cirrus  pouch  s shell  gland 

ce cecimi  ti,  ti Anterior  and  posterior  testes 

d vitelline  duct  u uterus 

e egg  V vitellaria 

g genital  pore  vd vas  deferens 

1 Laurer's  canal  vs seminal  vesicle 

o ovary  x excretory  bladder 

p pharynx  y ootype 

r receptaculimi  seminalis 


DESCRIPTION  OF  HGURES 

Plate  XIV 

SUphanopkiala  farumis,  1. — Ventral  view,  X  54;  2. — lateral  view  of  oral  sucker 
and  papillae,  X  105;  3. — detail  of  portion  of  integument  lateral  to  acetabulum,  showing 
spines,  X  180;  ^.—egg,  X  180. 

SUphanopkiala  vUelloba.  5. — Dorsal  view,  X  54;  6. — dorsal  view  of  head,  show- 
ing papillae,  X  105;  7. — egg,  X  240;  8. — detail  of  sex  organs  in  region  of  ootype,  X 
180;  9. — cross  section  of  worm  jtist  anterior  to  acetabulum,  X  180;  10. — cross  section 
thru  ovary,  X  180;  11. — cross  section  thru  posterior  testis,  X  180;  12. — cross  section 
thru  region  of  ootype,  X  180;  13. — detail  of  lateral  papilla,  X  180. 

Plate  XV 

CrepidosUmum  comulum,  14. — ^Ventral  view,  X  34;  15. — detail  of  anterior  end, 
X  24. 

Crepidostomum  iUinaiensis.  16. — ^Ventral  view,  X  105;  17. — detail  of  anterior 
end,  ventral  view,  X  180;  18.— egg,  X  330;  19.— diagram  of  lateral  aspect,  X  75. 

Acrdkhanus  pekdosa,  20. — ^Ventral  view,  X  34;  21. — median  sagittal  section, 
X  34;  22.— detail  of  anterior  end,  X  24;  23.— egg,  X  330;  24.— cross  section  thru  region 
of  genital  pore,  X  75;  IS.—aoss  section  thru  region  of  ootype,  X  75;  26.— cross  sec- 
tion thru  anterior  testis,  X  75;  27.— detail  of  genital  organs,  X  50;  28.— section  thru 
lateral  p^illa,  X  105;  29.— ventral  view  of  young  fluke,  X  34. 
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DEPARTMENT  OF  NOTES  AND  REVIEWS 

I  It  is  the  purpose,  in  this  department,  to  present  from  time  to  time  brief  original 

I  notes,  both  of  methods  of  woi^  and  of  results,  by  members  of  the  Society.  All  mem- 
I  bexs  are  invited  to  submit  such  items.  In  addition  to  these  there  will  be  given  a  few 
brief  abstracts  of  recent  woi^  of  more  general  interest  to  students  and  teachers.  There 
win  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations, 
and  to  the  isolated  student  suggestions  of  suitable  fields  of  investigation. — [Editor.] 


AQUATIC  MICROSCOPY 

To  those  of  us  who  remember  the  first  thrills  of  work  with  the  micro- 
scope it  is  not  easy  to  miderstand  why  there  are  not  more  amateur  stu- 
dents of  nature  who  cultivate  a  life  interest  in  the  microscope.  Very 
much  of  the  early  enthusiasm  of  this  Society  was  given  to  it  by  those 
who  were  using  the  microscope  in  amateur  exploration  of  the  marvels  of 
nature.  The  American  schools  and  colleges  make  much  use  of  the 
microscope,  but  those  who  are  most  interested  in  these  things  tend  to 
go  on  into  the  study  of  some  more  or  less  technical  aspect  of  the  subject 
It  would  seem  however,  if  our  teaching  were  as  effective  and  inspiring 
as  it  should  be,  that  more  of  our  students  would  thruout  life  continue 
an  amateur  interest  in  this  charming  field. 

Perhaps,  as  we  grow  older  in  America  and  achieve  more  leisure  and 
more  general  interest  in  culture,  we  may  again  increase  the  number  of 
those  who  imtechnically  use  the  microscope  for  the  mere  love  of  its 
interesting  revelations.  In  England  there  are  many  such,  and  numerous 
simple  handbooks  have  been  issued  which  helpfully  guide  the  beginner. 
Dr.  Stokes  has  been  a  long-time  exponent  and  writer  for  such  students 
in  this  country.  His  Uttle  book,  now  in  its  fourth  edition,  has  done  its 
part  to  keep  alive  amateur  interest.  The  author  imdertakes  in  the 
simplest  and  most  concrete  way  possible  to  answer  the  questions  of  the 
embryo  natxiraUst,  such  as: — "How  can  I  best  find  and  collect  the 
microscopic  plants  and  animals?  How  can  I  tell  them  s^art  and  deter- 
mine what  they  are  and  how  they  are  named?  What  outfit  will  I  need, 
and  how  can  I  prepare  my  material  for  profitable  study?" 

These  questions  are  answered  in  the  following  chapters:  I,  The 
Miaoscope  and  its  Parts;  H,  Common  Aquatic  Plants  Useful  to  the 
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MicToscopist;  III,  Desmids,  Diatoms,  and  Fresh  Water  Alge;  IV,  IQbb> 
pods;  V,  Infusoria;  VI,  Hydra;  VII,  Aquatic  Worms  (and  Insect  Laivs); 
Vm,  Rotifera;  DC,  Freshwater  Polyzoa;  X,  Entomostraca  and  PhyikK 
poda;  XI,  Water  Mites  and  Water  Bear. 

The  especial  virtues  of  the  book  are  in  its  untechnical  language,  its 
simple  descriptions,  its  concrete  keys  and  synopses,  and  its  outline  diaw- 
ings.  The  author  states  that,  with  the  exception  (rf  a  few  western  f onns, 
every  type  of  organism  menticmed  in  the  book  was  taken  by  him  fronx  a 
single  pond  in  central  New  Jersey.  Aside  therefore  fn»n  its  value  as  a 
guide  for  the  study  of  nature,  it  has  a  value  as  a  contribution  to  intensive 
study  of  a  limited  locality.  The  same  features  which  make  it  useful  to 
the  independait  beginner  will  make  the  book  hdpful  to  the  students  of 
elementary  Biology  in  high  school  and  odlege,  and  stimulate  to  hkhc 
effective  field  work. 

Aquatk  MmotoovT  iok  Biooqixib,  by  Alfred  G.  Stokm.  Fourth  e£tioa,  revised  nd  entepi 
324  peffCB,  iUnttnited.    John  WUcr  h  Sou.  New  Yock  and  London.    Face  $2^  net.  postpaid 
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A  NEW  SPECIES  OF  RHYNCHELMIS  IN  NORTH  AMERICA* 

F.  Smith  and  L.  B.  Dickey 

The  worms  described  in  this  paper  are  part  of  a  series  of  Oligochaeta 
obtained  by  Miss  Bessie  R.  Green  from  the  vicinity  of  Flathead  Lake  in 
Montana  during  the  summer  of  1914,  while  at  the  Biological  Station 
maintained  by  the  University  of  Montana.  The  Rhynchelmis  speci- 
mens were  collected  in  July  by  A.  G.  Vestal  and  M.  J.  Elrod,  for  whom 
the  species  is  named,  from  a  creek  near  the  Station,  and  included  several 
mature  specimens  and  a  number  of  immatiu-e  ones. 

But  two  species  and  a  variety  of  Rhynchelmis  have  previously  been 
known.  R.  limoseUa  Hoffmeister  is  a  common  European  species,  and 
the  Asiatic  species  R.  brachycephala  and  its  variety  bytkia  have  been 
somewhat  recently  made  known  by  Michaelsen  (1901  and  1905).  We 
now  describe  a  distinct  but  somewhat  closely  related  species  &om  North 
America. 

A  modification  of  the  definition  of  the  genus  in  a  few  characters  is 
necessary,  and  a  stiU  closer  relationship  between  Rhynchelmis  and  the 
North  American  genera  Sutroa  and  Eclipidrilus  becomes  apparent 
Rhynchelmis  Hoffmeister 

Setae  simple.  Spermiducal  pores  paired  on  lO.f  Oviducal  pores 
paired  in  intersegmental  groove  11/12.  Spermathecal  pores  paired  on 
8.  Longitudinal  muscle  layer  completely  separated  into  eight  longitu- 
dinal bands.  Transverse  blood  vessels,  two  pairs,  in  each  of  most 
somites.  Spermaries  and  spermiducal  fimnels  paired  in  10,  or  two  pairs 
in  9  and  10;  sperm  ducts,  one  or  two  pair,  opening  into  a  pair  of  long  atria. 
Ovaries  paired,  in  11.  Spermathecae  paired,  in  8,  without  diverticula 
opening  into  the  spermathecal  ducts,  ampullae  communicating  with  the 
alimentary  tract. 

*  Contributioiis  from  the  Zoological  Laboratory  of  the  University  of  DUnois,  No. 
106. 

t  Arabic  numerals  are  iised  to  designate  the  somites,  coimted  from  the  anterior  end. 
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RhYNCHEUOS  ELRODI  SP.  NOV. 

Length,  47-65  miXL  Somites,  133-177.  Proboscis  long  and  sksder. 
Setae  closely  paired.  CliteQum  on  9-17.  Spermiducal,  oviducal,  and 
spermathecal  pores  nearly  in  seta  line  ab.  Longitudinal  muscle  banib 
not  spirally  rolled  at  edges.  Ventral  vessel  forked  in  7,  and  connected 
with  dorsal  vessel  in  1.  First  nephridia  in  13.  Spermaries  paired,  in 
10.  Spermiducal  funnek,  one  pair;  sperm  ducts,  one  pair,  imbedded  in 
the  walls  of  the  atria.  Albumen  glands  lacking.  Spennathecae,  out 
pair  in  8;  communicating  by  ducts  with  the  alimentaiy  tract. 

From  the  mucky  banks  of  a  creek  near  the  Biological  Station  at  Fbt- 
head  Lake  in  western  Montana. 

Holotype  and  paratypes  in  the  collection  of  the  senior  author  (Cat 
No.  1058). 

The  more  important  facts  of  structure  were  gained  from  the  study  d 
a  series  of  sagittal  sections  of  the  S3  anterior  somites  of  one  specimen,  and 
of  two  series  of  transverse  sections  from  the  anterior  18  somites  of  each  of 
two  other  specimens,  of  which  one  is  the  type. 

External  Characters 

Alcoholic  specimens,  apparently  sexually  mature,  are  47-65  mm.  in 
length,  and  0.9-1.25  mm.  in  diameter  in  the  region  of  the  clitellum,  where 
the  diameter  is  greatest  In  the  anterior  half  of  the  worm  the  body  is 
nearly  circular  in  cross  section,  unlike  other  described  spedes  of  Rhyn- 
chelmis,  and  elsewhere  it  is  not  decidedly  quadrilateral.  In  one  ai^iar- 
ently  complete  specimen,  the  number  of  somites  is  but  133,  while  iQ 
another  it  is  177.  The  number  of  somites  in  other  specimens  varies  be- 
tween these  extremes  and  approximates  150.  The  anterior  part  of  the 
prostomium  is  prolonged  into  a  slender  tentacle-like  proboscis.  The 
setae  are  closely  paired  and  the  distances  between  the  pairs  are  approxi- 
mately indicated  by  the  formula;  aa*A;:(W=3:5:5.  The  setae  are  sig- 
moid, slightly  more  curved  at  the  distal  end,  slenda:,  and  simple.  Tlie 
average  length  is  about  0.27  nmi.,  and  the  diameter  at  the  nodulus  is 
about  0.01  mm.  The  nodulus  is  at  about  one-third  of  the  length  of  the 
seta  &om  the  distal  end. 

The  clitellum  is  developed  on  9-17  and  encroaches  slightly  qxl  the 
adjacent  somites.    It  is  most  strongly  thickened  on  10-16,  and  is  devd- 

*Lettei8  are  iised  to  designate  the  setae  of  either  side  of  a  somite,  bcc^noing  vi^ 
a  for  the  most  ventral  one  and  proceeding  in  order  to  d  for  the  most  dorsal  one. 
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oped  ventrally  as  well  as  dorsally .  The  spermiducal  pores  are  paired  on 
10,  slightly  anterior  to  10/11,  and  nearly  in  line  with  the  ventral  setae, 
The  oviducal  pores  are  small,  in  11/12,  andin  line  with  the  ventral  setae. 
The  spennathecal  pores  are  paired  on  8,  posterior  to  the  ventral  setae. 

Internal  Characters 

The  brain  lies  dorsad  of  the  mouth,  in  the  first  somite,  and  is  similar 
in  form  to  that  of  R.  limosella,  as  figured  by  Vejdovsk^  (1876).  The 
ventral  nerve  cord  is  closely  adherent  to  the  body  wall  throughout  its 
length.  The  layer  of  longitudinal  muscle  fibers  is  in  eight  distinct  bands, 
as  in  other  species  of  the  genus,  but  the  edge3  of  these  bands  are  not 
rolled  as  in  J2.  limoseUa  (Vejdovsk:^,  1884,  pL  16,  figs.  1  and  2),  and  in  R. 
brachycephala  and  its  variety,  as  described  by  Michaelsen  (1905:62-63). 
The  alimentary  tract  is  ^ple  in  character,  like  that  of  the  other  species. 

The  ventral  vessel  forks  in  7  and  the  two  anterior  branches  unite  near 
the  brain  with  the  dorsal  vessel.  A  pair  of  transverse  vessels  in  the  pos- 
terior part  of  each  of  somites  2-6,  connect  the  dorsal  vessel  with  the 
branches  of  the  ventral;  and  similar  transverse  vessels  in  7-12,  connect 
the  dorsal  and  ventral  vessels.  In  one  specimen  there  is  a  similar  vessel 
on  one  side  of  13.  The  paired  posterior  transverse  vessels  of  somites 
posterior  to  12  are  connected  with  the  dorsal  vessel  only.  They  have  a 
few  caecal  branches  and  often  extend  only  part  way  down  the  sides  of  the 
body.  There  is  a  pair  of  transverse  vessels  in  the  anterior  part  of  each 
of  most  somites  posterior  to  7.  The  first  pair  are  somewhat  shorter  and 
more  simple,  but  those  of  somites  posterior  to  8  extend  to  the  ventral 
side  and  have  several  caecal  branches.  In  the  somites  that  have  been 
examined,  posterior  to  12,  each  of  these  vessels  is  connected  with  the 
ventro-lateral  wall  of  the  intestine  by  a  branch  which  extends  obliquely 
dorsad  and  mesad  from  that  part  of  the  vessel  lying  in  the  ventro-lateral 
part  of  the  body  cavity.  Ventro-intestinal  vessels  connect  the  ventral 
vessel  with  the  ventro-median  wall  of  the  intestine  (fig.  1).  In  somites 
10  or  1 1  to  18  or  19  inclusive,  these  vessels,  usually  three  in  number,  enter 
peculiar  glandular  bodies  which  are  closely  associated  with  the  ventro- 
median  wall  of  the  intestine  and  correspond  to  the  blutdriisen  described 
by  Michaelsen  (1901:178)  in  R.  brachycephala.  These  blood  glands 
(fig.  1)  are  more  intimately  united  with  the  wall  of  the  intestine  in  R. 
drodi  than  are  those  of  the  other  species. 
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In  the  specimens  examined,  the  most  anterior  nephridia  are  in  13  or 
14,  and  they  are  more  or  less  irregularly  distributed  posterioriy.  Thoe 
are  sometimes  a  pair  in  a  somite,  sometimes  a  single  one,  and  often  none 
at  alL  Just  posterior  to  the  septum  winch  supports  the  nephridial  fon- 
nel,  there  is  an  enlargement  similar  to  that  found  in  a  considerable  num- 
ber of  other  species  of  lumbriculids.  The  nephridiopores  are  in  the  fine 
of  the  ventral  seta  bundles  and  a  short  distance  anterior  to  them. 

There  is  but  one  pair  of  spermaries  and  they  project  freely  into  10 
from  their  attachment  to  the  posterior  face  of  9/10.  A  pair  of  ^>enii 
sacs  extend  posteriorly  on  either  side  of  the  alimentary  tract,  fn»n  their 
(q>enings  in  septum  10/11,  at  least  as  far  as  to  somite  30,  in  some  sped- 
mens.  The  spermiducal  organs  are  similar  in  their  main  features  to 
those  of  other  species  of  the  genus;  but  there  is  no  trace  of  more  than  one 
pair  of  sperm  ducts  or  spermiducal  fimnels,  and  those  present  belong  to 
somite  10.  The  funnels  are  on  10/11,  below  and  laterad  of  the  opoiings 
of  the  sperm  sacs,  and  the  dorsal  edges  of  the  funnels  extend  into  the  sacs, 
along  their  ventral  wall  for  a  short  distance.  In  tracing  each  sperm  duct 
from  thefimnel  towards  the  external  pore,  we  have  a  relatively  slender  duct 
which  extends  posteriorly  through  several  somites  in  the  cavity  of  the  cor- 
responding sperm  sac,  to  a  position  at  which  it  enters  the  posterior  end  of 
a  much  larger  and  tubidar  atrium  which  extends  anteriorly  into  10  and 
then,  bending  ventrally,  joins  the  body  wall,  posterior  to  the  ventral 
setae,  and  opens  to  the  exterior  at  the  spermiducal  pore.  Tliere  is  a 
general  correspondence  between  the  main  features  of  the  spermiducal 
organs,  as  outlined  above,  and  those  of  the  other  species  of  the  goius; 
but  a  more  detailed  study  yields  distinct  differences,  as  wiU  appear  later. 
From  the  fimnel  the  sperm  duct  first  extends  ventrad  along  the  sq>tain 
and  then  anteriad  to  the  atrium  which  it  follows  closely  to  the  place  of 
their  union.  The  duct  and  atrium  are  merely  in  contact  in  somite  10, 
but  in  the  anterior  p)art  of  the  sperm  sac  the  duct  becomes  more  strong 
flattened  against  the  atrial  wall,  and  about  opposite  11/12,  in  the  type 
specimen,  it  enters  the  tissue  of  the  atrial  wall  (fig.  2,  sd)  and  follows  it 
to  a  point  near  the  posterior  end  of  the  atrium,  where  duct  and  atrium 
merge  and  their  cavities  become  continuous.  This  intimate  relation  of 
duct  and  atrium  is  more  like  the  condition  found  in  certain  ^)ecies  of 
Eclipidrilus  than  it  is  like  that  of  the  other  species  of  Rhynchdmxs. 
In  the  type  specimen  the  atrium  extends  posteriorly  to  15,  and  in  the 
other  sectioned  specimens  not  so  far.    Numerous  small  glandular  masses 
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or  prostate  glands  which  are  much  like  those  of  other  species  of  the  genus, 
are  attached  to  the  outer  surface  of  the  atrium  (fig.  2,  pr).  The  ectal 
ends  of  the  atria  are  apparently  protrusible  and  may  function  as  penial 
organs.  In  somite  9,  in  other  species  of  Rhynchelmis,  there  are  organs, 
either  one  or  a  pair,  which  are  known  by  various  names:  albumen  glands, 
Kopulationsdriisen,  etc.  There  are  no  recognizable  traces  of  such 
organs  in  R,  elrodi. 

There  is  but  one  pair  of  ovaries  and  these  are  in  11  and  are  attached 
to  the  septum  10/11.  The  paired  ovisacs  extend  posteriorly  from  11/12 
and  closely  invest  the  corresponding  sperm  sacs  except  where  ova  prevent. 
They  extend  through  several  somites  posteriad  of  the  sperm  sacs.  Paired 
oviducal  fimnels  are  on  the  anterior  face  of  the  septum  11/12,  and  the 
very  short  oviducts  open  to  the  exterior  in  the  segmental  groove  11/12 
in  line  with  the  ventral  setae.  Paired  spermathecae  in  8,  correspond 
closely  with  those  of  the  other  species  of  the  genus.  They  open  to  the 
exterior  posteriad  of  the  ventral  seta  bundles  of  8;  the  ducts  are  without 
diverticula;  and  the  ampullae  open  through  narrowed  duct-like  portions 
into  the  alimentary  tract  In  one  specimen  the  spermathecae  have  no 
connection  with  the  alimentary  tract  and  the  diameter  of  the  lumen  is 
much  less  than  normal.  This  is  probably  due  to  degeneration,  since  the 
spermaries  are  small  and  apparently  at  a  stage  of  inactivity  and  yet  the 
sperm  sacs  are  well  distended  with  sperm  cells. 

Systematic  Relationships 

The  new  species  has  important  characters  that  ally  it  closely  with  the 
Eurasian  species  of  Rhynchelmis,  and  others  in  which  it  is  nearly  related 
to  Sutroa  (Beddard,  1892;  Eisen,  1888,  1891)  and  Eclipidrilus.  The 
simple  pointed  setae,  and  much  elongated  atria  are  characters  shared  by 
all  of  them.  In  having  an  intervening  somite  between  the  spermathecal 
and  atrial  somites;  in  the  communication  between  the  spermathecae  and 
the  alimentary  tract;  and  in  the  lack  of  differentiation  of  each  atrium  into 
a  "sperm  reservoir"  or  "storage  chamber"  and  a  penial  organ  with 
narrowed  connecting  duct;  it  resembles  the  species  of  Rhynchelmis  and 
Sutroa  and  differs  from  those  of  Eclipidrilus  (Michaelsen,  1901:150; 
Smith,  1900:473).  It  is  nearer  to  Rhynchelmis  than  to  Sutroa,  in  having 
the  spermathecae  paired  and  without  diverticula;  but  resembles  the  latter 
rather  than  the  previously  known  species  of  the  former,  in  having  no 
atrial  remnants  (albumen  glands)  in  somite  9.    To  the  writers  the  rela-  ' 
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tioQships  to  Rhynchelmis  seem  more  significant  and  they  include  it  ii 
that  genus.  One  important  difference  between  Rhynchehnis  and  Sutioa 
disaiq)ears  when  we  find  simple,  paired  spermathecae,  and  absence  of 
atrial  remnants  in  9,  characterizing  the  same  spedes.  It  is  intoesdng 
to  note  that  the  possibility  of  the  existence  of  such  a  spedes  of  Rhyn- 
chelmis as  R.  elrodi  has  already  been  forecast  by  Michaelsen  (1908:163). 

"Ich  bin  in  meinen  Betrachtungen  dieser  Reduktionsverhaltnisse 
dann  noch  einen  Schritt  weiter  gegangen.  Von  Rhynchelmis  bracky- 
cephala  ausgehend,  sagte  ich  mir,  dass  es  kein  morphologisch  sefar  bedeat- 
samer  Vorgang  sei,  wenn  nun  die  rudimentilren,  Samentrichteriosen 
Samenleiter  des  vorderen  Paares  und  die  verlassenen,  ihrer  Hauptfunk- 
tion  enthobenen  Atrien  des  vorderen  Paares  ganz  schwanden.  Es  wurde 
dann  ein  Zustand  des  mILnnlichen  Geachlechtsapparates  eintreten,  der 
mit  dem  urspriinglich  einfachpaarigen  Apparat  durchaus  uberdn- 
stimmte. " 

In  R.  limosella  (fig.  3)  there  are  two  pair  of  spermaries  and  apennidncal 
funneU  in  9  and  10,  and  two  pair  of  §perm  ducts  joining  the  paired  atria 
of  10.  In  9  there  are  paired  organs  resembling  atria  but  without  the 
atrial  function  since  no  sperm  ducts  are  connected  with  them.  They  are 
the  "albumen  glands"  and  presudiably  represent  an  additional  pair  of 
atria  which  in  ancestors  were  joined  by  the  sperm  ducts  connected  with 
the  spermiducal  funnels  of  9.  In  R,  brachycephala  (fig.  4)  and  its  varieQr 
bythia,  the  spermaries  and  spermiducal  fimnels  of  9  have  disappeared 
and  there  is  a  partial  disappearance  of  the  related  pair  of  sperm  ducts, 
while  the  atrial  organs  of  9  are  still  represented.  In  R,  elrodi  (fig.  5) 
there  is  a  complete  disappearance  of  the  reproductive  organs  of  9,  and 
we  have  simply  the  single  pairs  of  spermaries,  spermiduoJ  fimnels,  sperm 
ducts,  and  atria  in  10.  We  also  have  a  single  pair  of  ovaries  and  of  ovi- 
ducts which  are  in  11.  The  location  of  the  single  pair  of  spermathecae 
in  R.  elrodi^  two  somites  anterior  to  the  one  containing  the  male  organs, 
which  would  otherwise  seem  rather  peculiar,  is  easily  understood  on  the 
assumption  that  this  species  has  been  derived  &om  ancestors  similar  to 
R.  limosella.  In  accordance  with  the  views  of  Michaelsen,  these  in  turn 
were  presiunably  derived  from  Lamprodrilus-like  ancestors  in  wbkh 
each  pair  of  sperm  ducts  had  its  own  pair  of  atria  independent  of  others 
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EXPLANATION  OF  PLATE  XVI 

Fig.  1.  Rkynchelmis  drodi.  Transverse  section  through  the  posterior  part  of 
•omite  17:  int,  intestine;  bg.  blood  gland;  vi,  ventro-intestinal  vessel;  w,  ventral 
vessel;  ss,  sperm  sacs. 

Ftg.  2.  The  same.  Transverse  section  through  the  atriixm  near  the  place  o£  en- 
trance of  the  sperm  duct:  at,  atrium;  sd,  sperm  duct;  pr,  prostate  glands;  s,  devebping 
sperm  cells.    Semi-diagrammatic. 

Fig.  3.  Rhynchdmis  Hmosella.  Diagram  showing  relations  of  the  reproductive 
organs  of  one  side:  sy,  spermary;  sd,  ^)erm  duct;  at,  atrium;  al,  albumen  gland;  oy, 
ovary;  od,  oviduct;  st,  spermatheca. 

Fig.  4.  Rhynchelmis  hrachyuphala.  Similar  diagram:  adapted  from  figure  of 
Michaelsen  (1901:179). 

Ftg.  5.  Rhynchelmis  drodi.    Similar  diagram. 
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DEVELOPMENT  OF  THE  WOLFFIAN  BODY  IN 

SUS  SCROFA  DOMESTICUS 

Edwabd  J.  Angle,  A.M^.D« 

The  results  embodied  in  this  paper  are  from  studies  imdertaken  some 
years  ago.  At  that  time  it  was  realized  that  the  investigation  was  far 
from  complete  and  publication  was  delayed  with  the  hope  of  further 
study — ^a  hope  never  realized — of  the  source  of  origin  of  the  several  por- 
tions of  the  minary  tubules.  In  the  light  of  recent  research  the  publica- 
tion of  the  paper  at  this  late  date  is  largely  that  the  illustrations  may 
prove  of  some  permanent  value. 

Historical 

The  Woffian  bodies  (Corps  de  WolflF,  Umiere,  Mesonephros,  Primi- 
tive Kidney)  were  discovered  by  Casper  Fr.  Wolff  in  the  year  1759,  who 
regarded  them  as  representing  the  embryonic  period  of  the  true  kidney 
(Metanephros).  They  received  their  present  name  from  H.  Rathke  in 
1825;  this  only  applied  to  the  Wolfllan  bodies  of  birds,  as  Rathke  termed 
the  same  organs  in  mammals  Okensche  Kdrper.  In  1824  Jacobson  intro- 
duced the  name  of  primordialniere  and  discovered  that  in  birds  these 
bodies  secreted  luic  add,  which  was  conducted  away  by  the  allantois. 
The  first  mention  of  the  mesonephros  in  man  was  made  by  J.  Frey 
Meckel  (1809)  in  his  work  on  comparative  anatomy.  Meckel  describes 
in  fairly  accurate  language  the  mesonephros  of  an  embryo  1  mm.  long; 
but  evidently  was  in  doubt  as  to  what  the  organ  was,  as  he  later  asks  the 
question — "are  these  structures  the  common  soiux:e  from  which  lungs, 
liver,  kidneys,  adrenals  and  sexual  organs  later  have  their  origin? '^ 

The  older  writers  (Wrisberg,  Dzondi,  Oken,  Emmert  and  Hochstetter) 
had  many  fanciful  theories  regarding  the  role  of  the  Woffian  body,  re- 
garding it  either  as  the  beginning  of  the  kidney  or  as  the  horn  of  the 
utereus. 

Rathke  (25)  led  the  way  to  a  true  conception  by  discovering  the  origin 
of  the  true  kidney  in  an  embryo  chick  of  six  days  and  showed  that  the 
Wolffian  body  was  related  to  the  kidneys  as  the  gills  are  to  the  lungs. 

The  glomerulus  of  the  mesonephros  was  discovered  by  J.  Miiller  (30). 
The  honor  is  due  MiiUer  for  having  first  accurately  and  correctly  followed 
the  developmental  changes  of  this  organ  in  a  large  series  of  embryos. 
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The  smallest  of  Mtiller 's  embiyos  had  a  length  of  20  mm.  In  ibis  embiTO 
he  describes  the  adrenals,  which  are  qmte  large  and  covered  by  the  true 
kidney,  the  kidney  and  ureter,  the  Wolffian  bodies  with  their  conductiz^ 
sexual  portions.  The  Wolffian  body  is  described  as  a  long  fiat  organ 
which  is  in  relation  on  its  lateral  surface  with  the  sexual  duct  Mulkr 
en^>hasizes  the  fact  of  the  early  disappearance  of  the  Wolffian  body  in 
man;  for  in  his  next  embryo  which  was  3  cm.  long  he  found  between 
excretory  duct  and  sexual  gland  (does  not  mention  whether  testes  or 
ovary)  a  long  spur  which  is  the  remaining  trace  of  the  Wolffian  body. 
The  chief  merit  of  Miiller's  work  consists  in  his  having  discovered  the  rdfe 
which  the  Wolffian  body  plays  in  the  development  of  the  sexual  ducts. 

Among  the  noted  early  investigators  was  Valentin  (35)  whose  wwk 
principally  relates  to  mammals.  In  the  Wolffian  body,  Valentin  dktin- 
guished  two  portions;  an  outer  half  which  consists  only  of  canals  and  an 
Inner  portion  made  up  principally  of  coiled  vessles  (Malpi^iian  bodies). 
Valentin  adds  parenthetically  that  in  spite  of  great  pains  it  is  frequendy 
difficult  to  determine  the  direct  connection  of  the  Wolffian  tubules  with 
the  Wolffian  duct 

When  one  considers  the  imperfection  of  optical  instruments  in  use  at 
the  period  when  Miiller,  Rathke  and  Valentin  lived,  one  can  only  wcmder 
at  the  accuracy  of  their  observations.  In  mammals,  von  Baer  (37)  says, 
that  the  primordialnieren  arise  and  disappear  as  in  birds  and  that  thdr 
structiue  clearly  points  to  the  general  characters  of  secretory  glands. 

BischofF  (42)  remarks  that  the  Wolffian  bodies  are  only  to  be  found  in 
very  young  human  embryos  and  that  in  the  second  month  only  faint 
traces  of  the  glands  are  to  be  foimd.  This  author  agrees  with  J.  Mullcr, 
Rathke,  Jacobson,  E.  von  Baer  that  the  Wolffian  body  is  an  excretory 
organ.  Koebelt  (47)  observed  the  atrophy  of  the  Wolffian  body  in  man 
and  higher  mammals  and  from  his  work  concludes  that  the  epidid3rmis  of 
the  male  is  a  homologue  of  the  epoophoron  in  the  female. 

Waldeyer  (70)  devoted  his  attention  to  the  early  developmental 
changes  of  the  Wolffian  body  in  the  chick,  mammals  and  man  and  found 
the  phases  of  development  in  the  two  latter  in  no  way  different  from  the 
former.  From  the  fact  that  the  Wolffian  canals  in  their  several  portions 
are  lined  with  different  forms  of  epithelium,  Waldeyer  came  to  the  con- 
clusion that  there  were  two  types  of  canals  in  the  gland  and  firom  this 
fact  differentiated  them  into  a  sexual  and  a  urinary  portion;  from  the 
former  arises  the  epoophoron  or  epididymis  and  from  the  latter  the 
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p>aroophoron  or  paradid3rmis.    This  opinion  was  concurred  in  by  Rathke, 
Dursy  and  J.  MUller. 

All  investigators  prior  to  1870  regarded  the  Woffian  tubules  as  arising 
either  as  evaginated  blind  sacks  from  the  Wolffian  duct  or  from  dif- 
ferentiation of  the  mesoblastic  tissue  of  the  middle  plate. 

In  the  year  1874  a  new  theory  was  promulgated  by  the  independent 
investigations  of  three  men,  Semper  (75),  Balfour  (74)  and  Schultz  (75) 
who  came  to  the  conclusion  that  in  Selechians  the  segmental  Wolffian 
canals  are  in  relation  with  the  coelom  by  means  of  nephrostomes. 
According  to  Semper  these  segmental  canals  arise  from  hollow  invagina- 
tions of  the  pleiux>-p>eritoneal  epithelium.  Balfour  regarded  the  canals 
as  arising  from  solid  buds  from  the  intermediate  cell  mass,  the  buds  later 
acquiring  a  lumen. 

Gotte  (75),  working  independentiy  of  the  preceding  authors,  found  in 
amphibia  that  the  Wolffian  tubules  arise  as  hollow  outgrowths  from  the 
iux)gemtal  fold  of  the  peritoneum.  This  observation  was  confirmed  by 
Spengel  (76)  and  Fiirbringer  (78).  Spengel  and  F.  Meyer,  working 
independentiy  discovered  in  1875  that  the  amphibian  Wolffian  body 
possesses  p)eritoneal  f imnels  and  the  former  regards  the  Wolffian  body  of 
amphibians  as  possessing  a  segmental  formation  and  holds  that  its  peri- 
toneal funnels  deserve  as  in  Selachians,  the  name  of  segmental  nephro- 
stomes. Fiirbringer  (78)  has  shown  in  Petromyzon  that  the  first  anlage 
of  the  Wolffian  body  originates  from  segmentally  arranged  cell  cords 
which  arise  from  the  peritoneal  epithelium. 

In  1875  K5lliker  (75)  investigated  the  origin  of  the  Wolffian  tubules 
of  amniota  which  agrees  with  the  anamnia  in  its  essential  features.  In 
reptiles  according  to  Braun  (77)  the  Wolffian  tubulfes  arise  from  buds 
which  had  previously  been  evaginated  from  the  coelom  epithelium;  these 
buds  are  segmental  as  in  Selachians  and  solid  as  in  mammals,  and  become 
segmental  vesicles.  The  connection  with  the  peritoneum  soon  vanishes. 
Thus  we  see  in  the  seventies  a  strange  concord  of  opinion;  in  all  verte- 
brates which  had  been  investigated  the  theory  of  Semper  and  Balfour 
regarding  Selachians  was  confirmed. 

Sedgwick  (80)  advanced  the  view  later  that  the  Wolffian  tubules  in 
the  chick  do  not  arise  as  peritoneal  evagioations  as  announced  by  Semper 
and  Balfour  but  arise  through  a  differentiation  of  the  Wolffian  Mesoblast 
Soon  after  this  Weldon  (S3)  showed  for  Lacerta  that  the  Wolffian  tubules 
do  not  originate,  as  held  by  Braun,  from  peritoneal  evagination  but 
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according  to  the  theory  of  Sedgwick.  The  theory  advanced  by  Sedgwkk 
for  birds  and  Weldcm  for  reptiles  was  opposed  by  Janosik  (85)  who  h»i 
investigated  the  subject  in  the  chick.  Mihalkovics  (85)  agrees  with 
Sedgwick  and  Weldon  that  in  Sauropsida  the  Wolffian  canals  do  not 
arise  as  a  growth  from  the  coelomic  epithelium  but  by  differentiation  of 
the  Wolffian  mesoblast 

Hcrffmann  (89)  investigated  the  Wolffian  canals  of  Laoerta  and  found 
that  they  arise  similar  to  those  in  Selachians,  with  the  difference  that  the 
OHistriction  of  the  nephrostome  from  the  lateral  plates  occurs  at  an 
earlier  period. 

According  to  Martin  (88)  in  rabbits  the  anlage  of  the  canals  is  (fif- 
ferentiated  from  the  middle  plate  and  later  loses  connection  with  the 
mesoblastic  somites. 

KoUman  (92)  is  authority  for  the  statement  that  the  middle  plates  in 
amniota  are  segmental  This  conclusion  was  arrived  at  by  sur&ce  ob- 
servation and  confirmed  by  sections.  In  man  the  same  conditions  could 
not  be  directly  shown  but  can  be  assumed  as  the  Wolffian  canals  are 
arranged  segmentally  and  the  Wolffian  vesicles  show  segmoital  diaiac- 
ters. 

In  the  same  year  Field  (91)  made  a  study  of  amphibians.  He  came 
to  no  conclusions  in  Amblystoma  although  he  considers  it  probable  that 
the  tubules  arise  from  a  proliferation  of  the  peritoneal  ^theJium  but 
not  from  a  true  invagination. 

Descripiion 

The  Wolffian  body  is  the  chief  occupant  of  the  embryonic  Wolffian 
ridge;  in  Ananmia  it  is  the  chief  renal  organ  throughout  Ufe;  in  Amnbta 
on  the  contrary  it  disappears  during  embryonic  life,  being  entirely  re- 
placed by  the  true  kidney  (metanephros),  with  the  exception  of  a  anall 
portion  of  the  cephalic  end  which  is  retained  and  becomes  a  constituent 
of  the  developing  sexual  gland. 

In  its  primitive  form  the  Wolffian  body  consists  of  a  series  of  trans- 
verse tubules  emptying  into  the  Wolffian  duct  As  Sempter  (75)  has 
shown  for  Plagiostomes  there  is  one  tubule  for  each  body  somite. 

A  mesonephros  in  the  simple  form  in  which  it  is  first  produced  devd- 
opmentally  is  retained  permanently,  as  Gegenbaur  has  shown,  anfy  in 
Bdellostoma,  a  species  of  Cyclostomes.  Here  the  organ  consists  accord- 
ing to  J.  MiiUer  of  short  transverse  tubules  whose  proximal  closed  endb 
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are  invaginated  by  glomeruli  and  which  open  after  a  short  course  into 
the  Wolffian  duct  In  all  remaining  vertebrates  the  mesonephros  is 
metamorphosed  into  a  more  voluminous  and  complicated  organ  and  shown 
manifold  changes  over  the  simple  form.  Here  we  find  a  distal  strongly 
convoluted  tube  opening  into  the  Wolffian  duct  by  means  of  a  collecting 
tube;  the  proximal  distended  portion  of  the  canal  becoming  a  Bowman's 
capsule  and  lastly  a  peritoneal  opening  leading  up  to  the  glomerulus. 
This  latter  however  is  not  foimd  in  the  amniota  as  maintained  by  Hert- 
wig  (92)  who  claims  that  it  is  present  in  the  three  higher  classes  of  verte- 
brates. I  have  searched  diligentiy  for  traces  of  this  in  the  chick,  rabbit, 
cat  and  pig,  and  have  f oimd  no  evidence  of  the  presence  of  such  a  canal. 
The  Wolffian  body  develops  in  the  intermediate  cell  mass  which  is  formed 
when  the  mesoblastic  somites  are  constricted  off  from  the  lateral  plates; 
it  arises  through  a  union  of  the  median  portions  of  the  latter  and  is  best 
known  imder  the  name  of  middle  plate.  It  has  been  amply  shown  that 
the  coelomic  epithelium  of  the  middle  plate  represents  without  exception 
the  anlage  of  the  sexual  glands  and  I  shall  attempt  to  show  that  the  middle 
plate  itself  represents  the  anlage  of  the  excretory  apparatus  and  that  the 
latter  contains  no  traces  of  coelomic  epithelium;  thus  is  shown  the  de- 
scent of  the  entire  anlage  from  mesoblast. 

Preceding  the  appearance  of  the  anlage  of  the  Wolffian  tubules  there 
appears  an  accimiulation  of  mesoblastic  cells  on  the  mesial  and  ventral 
side  of  the  Wolffian  duct.  These  cells  assume  a  radial  appearsince  and 
become  hollowed  out  to  form  small  vesicles.  These  vesicles  were  termed 
mesonephric  vesicles  by  Remak  (50)  and  segmental  vesicles  by  M. 
Braun  (77).  Braun  found  in  lizards  the  number  of  vesicles  to  corre- 
spond with  the  number  of  segments  but  in  birds  Mihalkovics  (85)  has 
found  the  vesicles  more  nimierous  than  the  mesoblastic  somites.  In 
Sus  I  have  found  from  two  to  three  vesicles  for  each  somite  and  conse- 
quentiy  the  term  segmental  vesicle  of  Braun  is  inappropriate  for  birds 
and  mammals.  The  Wolffian  vesicles  are  either  oval  or  circular  in  out- 
line when  viewed  in  sections  and  are  lined  with  columnar  epithelium. 
These  epithelial  cells  have  large  dear  and  well  defined  nuclei  and  each 
cell  possesses  a  deeply  staining  nucleolus.  In  Figures  1,  2,  and  3,  the 
relations  of  the  Wolffian  vesicles  to  surrounding  parts  are  clearly  shown; 
Figures  1  and  2  are  transverse  sections  from  the  proximal  portion  of  the 
Wolffian  body  of  an  embryo  2.5  mm.  long.  The  Wolffian  vesicle  (w.  v.) 
is  seen  in  the  above  figures  to  be  situated  ventral  and  medianwards  from 
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the  Wolffian  duct  (w.  d.)  and  is  in  close  relation  ventraDy  with  the  ax* 
k»n  epithelium  of  the  middle  plate.  Dorsally  the  vesicles  are  in  lektiffi 
with  the  mesoblastic  somites  (m.  s.)  and  medianwards  with  the  aorta  (a). 
The  Wolffian  duct  in  these  figures  has  not  as  3^t  acquired  a  lumes. 
Just  posterior  and  a  trifle  lateral  to  the  Wolffian  duct  a  smaJl  Wool 
vessel  is  visible,  this  is  the  vena  cardinalis  (v.  c.)  which  is  closely  rektd 
to  the  growth  of  the  Wolffian  body.  As  the  Wolffian  body  grows  and 
enlarges  the  cardinal  vein  is  forced  to  assxmie  a  position  dorsal  to  tbt 
Wolffian  ridge.  Its  position  is  readily  seen  in  figures  7,  21,  9  and  Id 
The  first  two  of  these  sections  are  from  embryos  three  nmi.  long  Mid  the 
two  latter  from  embryos  four  mm.  long.  Its  shape  varies  greatly  as  «i! 
be  seen  in  comparing  the  figures  9  and  10.  In  embryos  a  little  ddcr 
(5  mm.)  it  will  be  seen  in  figures  12,  18  and  19  that  the  cardinal  vhb 
(v.  c.)  is  situated  near  the  dorso-median  angle  of  the  Wolffian  ridge,  aal 
is  in  close  relation  with  the  Malpighian  bodies  (m.  b.)  which  are  fuDy 
developed  in  embryos  of  5  mm.  length. 

The  Wolffian  vesicles  (w.  v.)  are  shown  in  an  oblique  section  in  figure 
3,  which  is  from  the  distal  end  of  the  Wolffian  body  of  a  three  mm.  em- 
bryo.  The  vesicles  here  are  in  relation  laterally  with  the  Wolffian  duct 
(w.  d.)  and  medianwards  with  the  aorta  (a).  The  small  amount  of 
mesoblastic  tissue  surrounding  the  vesicles  is  particularly  noticeable. 

The  origin  of  the  anlage  of  the  Wolffian  canals  is  a  subject  which  has 
engaged  the  serious  attention  of  embryologists  for  the  past  score  of  yeais 
and  has  given  rise  to  a  voluminous  literatme.  Among  the  amniota,  birds 
have  received  the  attention  of  a  majority  of  investigator,  rq[)tilcs  stiB 
less  and  mammals  least  of  all,  which  is  not  at  all  commensurate  with  thdr 
position  and  importance  in  the  animal  scale.  The  names  of  Kolfiker, 
Renson,  KoUmannm,  EgU,  His,  H.  Meyer,  Nagel  and  Mihalkovics  aie 
in  the  foreground  of  investigators  on  the  development  of  urogenital  ct- 
gans  of  mammals. 

Three  views  have  been  advanced  for  the  origin  of  the  Wolffian  tubles: 

(a)  The  Wolffian  Tubules  Arise  Similarly  to  the  Tuhdes  €f  Other 
Glands  That  is  as  Hollow  Evaginations  from  the  Wolffian  Duct.  This 
theory  was  advanced  by  Remak  in  1850  and  was  accepted  by  Waldcyer 
(70)  with  the  distinction  that  the  tubule  only  is  an  outgrowth  from  the 
duct,  the  Malpighian  body  arising  from  the  mesoblast  indQ)endently  and 
later  joins  the  tubule.    It  is  only  necessaiy  to  examine  sections  of  young 
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embryos  in  which  the  Wolffian  vesicles  are  yet  separate  from  the  Wolffian 
duct  to  show  the  incorrectness  of  this  view  (w.  v.,  Figures  1, 2  and  3). 

(b)  A  More  Modem  Theory  is  that  the  Tubules  take  their  Origin  from 
an  Evagination  of  Cell  Cords  or  Buds  from  the  Coelomic  Epithelium  of  the 
Middle  Plate,  This  was  first  advanced  by  Balfour  (75)  and  Semper  (75) 
for  Selachinas.  Among  workers  on  amniota  the  adherents  of  this  theory 
are  Braun  (77),  Weldon  (83),  Kolliker  (79),  KoUmann  (82),  Siemerling 
(82),  Sedgwick  (81)  and  Rensen  (S3),  Sedgwick  held  this  theory  only 
for  that  portion  of  the  Wolffian  body  which  develops  anterior  to  the  six- 
teenth mesoblastic  somite.  In  reptiles  according  to  Braun  the  tubules 
arise  from  fimnel  shaped  invaginations  of  the  coelom  epithelium  which 
are  then  constricted  off  from  the  latter  and  become  the  segmental  vesicles, 
and  which  are  present  in  numbers  corresponding  to  the  body  segments. 
These  vesicles  secondarily  unite  with  the  Wolffian  duct  The  vesicle 
proper  becomes  the  future  Malpighian  body  while  the  tubule  arises  from 
a  short  canal  which  connects  the  vesicle  with  the  Wolffian  duct.  Weldon 
holds  the  same  theory  as  Braim  but  merely  makes  the  statement  without 
any  evidence. 

According  to  Kfilliker  in  embryo  chicks  of  the  sehond  day,  there  are 
to  be  seen,  on  the  median  side  of  the  urogenital  ridge  club-shaped  buds 
of  epithelial  cells  which  are  growing  in  towards  the  connective  tissue  of 
the  Wolffian  blastem.  Kolliker  observed  fine  fissures  in  these  cell  cords, 
which  he  regarded  as  portions  of  the  coelomic  cavity  constricted  off  with 
the  cells.  The  connection  with  the  coelomic  cavity  is  lost  only  after 
the  tubules  have  made  their  imion  with  the  Wolffian  duct  Kolliker 
observed  the  same  in  the  rabbit  with  the  exception  that  no  fissures  were 
present 

Kollmann  examined  embryos  of  mouse  and  rabbit  and  confirmed  in 
toto  the  view  of  Kolliker.  Renson  (in  chick,  rabbit  and  rat)  divides  the 
Wolffian  body  into  two  portions,  a  proximal  extending  from  the  seventh 
to  the  eleventh  somite'and  a  distal,  extending  from  the  eleventh  somite 
to  the  pelvis.  In  the  first  named  region  the  tubules  arise  from  isolated 
buds  of  the  pleiux>-peritoneal  epithelium  while  in  the  latter  the  tubules 
are  differentiated  from  the  intermediate  cell  mass  which  had  previously 
arisen  from  an  ingrowth  of  the  pleiuo-peritoneal  epithelium  in  the  form 
of  a  longitudinal  plate.  The  cells  which  become  anlagen  of  canals  are 
arranged  aroimd  small  lacimae.    The  lacunae  are  the  remains  of  small 


Digitized  by  VjOOQIC 


222  ANGLE 

fissures  when  the  longitudinal  plate  was  constricted  o£F  from  the  codcm 
epithelium.  The  remainder  of  the  lacunae  form  the  cavities  of  the 
Malpij^iian  bodies.  Renson  regards  the  pronephros  and  mesonq)hros 
as  being  homologous  organs;  a  view  which  is  untenable  at  the  present 
time. 

Hertwig  (92)  in  his  text  book  of  embryology  says:  "The  collective 
evidence  of  investigators  shows  that  the  Wolffian  canals  arise  bom  the 
pleuro-peritoneal  epithelium  of  the  middle  plate  from  which  solid  cell 
cords  are  formed  and  pass  in  towards  the  side  of  the  Wolffian  duct  In 
the  higher  vertebrates  the  development  of  the  primitive  kidney  is  to  a 
certain  extent  abbreviated,  in  so  far  as  the  separate  cords  of  cells  ^«toh 
arise  at  the  constricting  oflF  of  the  primitive  segments  lie  very  dose  to- 
gether and  constitute  an  apparently  undifferentiated  cell  mass  out  of 
which  the  mesonephric  tubules  subsequently  appear  to  have  been  dif- 
ferentiated. The  source  of  its  material  (mesonephros)  is  either  directly 
or  indirectly  the  epithelium  of  the  body  cavity  as  it  has  been  possible 
to  prove  in  many  cases  in  Selachians,  amphibia  and  anmiota." 

(c)  The  third  view  is  that  Ihe  Wolffian  tubtdes  are  denved  in^ 
of  previous  existing  epithelium  through  differentiation  of  the  Wolffian  meso- 
blastic  tissue.    This  view  was  first  advanced  by  Remak  (50)  and  accepted 
by  His  (80),  Bomhaupt  (67),  Egh  (76),  Semoff  (76),  Mihalkovics  (85) 
and  H.  Meyer  (90).    Balfour  (79),  Sedgwick  (80)  and  Fiirbringer  (78) 
hold  this  view  for  that  portion  of  the  Wolffian  body  developing  distal 
from  the  sixteenth  somite.    Mihalkovics  (85)  has  made  a  very  thorough 
and  exhaustive  study  of  the  development  of  the  Wolffian  body  in  the 
lizard  and  chick  and  finds  no  evidence  whatever  to  substantiate  the  views 
of  Braun,  Kolliker  and  Rensen.    Mihalkovics  has  shown  that  the  tubules 
of  chick  and  lizard  which  correspond  to  the  seventh  to  the  eleventh 
somite  inclusive  arise  from  the  coelom  epithelium  and  that  each  tubuk 
is  connected  with  the  coelom  cavity  by  means  of  a  funnel  shaped  nephro- 
stome.    At  the  median  side  of  each  nephrostome  and  projecting  out  frcMn 
the  root  of  the  mesentery  is  a  free  glomerulus.    It  is  admitted  by  all 
modem  investigators  that  the  above  constitutes  the  head-kidney  or  pro- 
nephros which  is  in  no  way  connected  or  homologous  with  the  Wolffian 
body.    The  error  of  Balfour,  Sedgwick  and  others  arose  no  doubt  frwn 
the  fact  that  they  regarded  the  pronephros  as  the  anterior  portion  of  the 
Wolffian  body.    I  have  verified  the  work  of  Mihalkovics  in  the  chick 
and  find  no  nephrostomes  or  free  glomeruli  farther  distal  than  the  body 
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somite.  Sedgwick  makes  the  sixteenth  somite  the  point  of  differentiation. 
His  (80)  in  description  of  embryo  "  a  "  says  that  the  thickness  of  the  walls 
of  the  Wolffian  duct  at  an  early  period  is  double  the  size  of  that  structure 
later  on.  This  fact  would  cause  him  to  conclude  that  the  tubules  arise 
from  the  duct  by  a  fold  and  a  consequent  thinning  out  at  this  point  if 
the  collective  evidence  of  vertebrates  did  not  point  to  their  formation 
from  the  Wolffian  mesoblast.  Nagel  (89)  in  his  description  of  two  human 
embryos  rejects  the  coelom  theory  in  toto  and  while  admitting  that  his 
embryos  were  much  too  old  to  give  information  on  this  point  says  if  it 
were  not  for  the  opinion  of  His  (see  above)  he  would  be  inclined  to  believe 
that  the  tubules  arise  as  outgrowths  from  the  Wolffian  duct.  In  order 
to  prove  unequivocally  that  the  Wolffian  tubules  arise  from  the  meso- 
blastic  tissue  of  the  middle  plate  one  must  have  embryos  of  such  ages 
which  will  show  the  complete  cycle  of  changes  from  undifferentiated 
mesoblastic  tissue  to  fully  formed  Wolffian  vesicles.  From  this  point  of 
view  I  am  unfortunate  in  the  selection  of  my  subject  material  as  in  my 
yoxmgest  embryos  (2.5  nun.)  the  segmental  vesicles  are  already  well 
formed  and  differentiated  from  the  surrounding  tissue  (see  w.  v.  figures 
1  and  2).  If  the  vesicles  arose  from  the  coelom  epithelium  one  would 
expect  to  find  some  indication  of  this  occurrence  at  the  point  to  where 
they  were  constricted  off  from  the  latter,  opposite  to  the  vesicles,  but  by 
observing  the  vesicles  (w.  v.)  in  figures  1  and  2,  it  will  be  seen  that  no 
fissiures,  thinning  out  of  the  epithelium,  or  depression  of  the  latter  are 
to  be  found. 

The  anlage  of  the  Wolffian  canals  develop  in  a  distally  extending 
direction  and  in  the  embryo  from  which  figures  1  and  2  are  taken  the 
vesicles  are  well  formed  at  the  proximal  end.  At  the  distal  end  of  this 
embryo  the  cells  of  the  mesoblastic  tissue  are  just  arranging  themselves 
aroimd  a  conmion  center  and  no  lumen  is  present.  Another  point  which 
adds  considerable  confirmatory  evidence  is  the  fact  that  the  inmiature 
vesicles  at  the  distal  end  are  no  nearer  the  coelom  epithelium  than  the 
more  fully  developed  vesicles  of  the  proximal  end;  which  should  be  the 
case  if  the  vesicles  arose  from  the  coelom  epitheliimi.  In  the  embryo 
(3  nmi.  long)  from  which  figiu-es  7  and  21  are  taken  one  finds  separating 
the  coelom  epithelium  from  the  imderlying  blastem,  first  a  compact 
layer  of  connective  tissue  (c.  t.)  and  second  an  intercellular  space  (i.  s.) 
each  of  which  amounts  to  more  than  the  thickness  of  a  tubule..  With  the 
exception  of  the  point  at  which  the  tubules  adjoin  the  Wolffian  duct  the 
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codom  epithelium  is  separated  from  the  underlying  structures  m  this 
embryo.  As  previously  stated,  I  admit  that  my  evidence  is  not  complete 
but  all  the  facts  which  I  found  point  strongly  to  the  origin  of  the  WolfBan 
canals  from  the  mesoblastic  cells  of  the  middle  plate.  I  hope  in  the  near 
future  to  obtain  younger  embryos  which  will  unequivocally  settle  this 
point  While  the  theories  regarding  the  origin  of  the  anlage  of  the 
Wolffian  canals  are  numerous  there  is  a  corresponding  scarcity  of  accounts 
describing  the  changes  by  which  the  primary  vesicles  are  metamorphosed 
into  a  fully  developed  canal,  ending  distally  in  a  Malpighian  body  and 
proximally  opening  into  the  Wolffian  duct  Sedgwick  (80)  gives  the 
following  account  which  is  decidedly  indefinite,  "from  the  inner  and 
dorsal  wall  of  the  vesicle  a  glomerulus  is  ultimately  developed.  "Hie 
whole  structure  grows  enormously  and  gives  rise  to  the  Malpighian  body 
and  complicated  coils  of  the  later  Wolffian  tubule.  The  question  as  to 
whether  or  no  there  are  outgrowths  from  the  Wolffian  duct  to  meet  the 
independently  developed  Wolffian  tubules  is  not  easy  to  answer.  I  am 
not  now  in  a  position  to  give  a  definite  answer  and  will  merely  state  that 
there  are  appearances  in  my  sections  which  incline  me  to  the  opinion 
that  there  are  outgrowths  from  the  Wolffian  duct  which  in  the  case  of  the 
primary  Wolffian  tubules  are  solid  but  hollow  in  the  case  of  the  secondary 
and  tertiary  tubules." 

Waldeyer  (65)  regarded  the  tubule  proper  as  an  outgrowth  from  the 
Wolffian  ducts  while  the  Malpighian  body  develops  separately  in  the 
intermediate  cell  mass  and  later  joins  the  tubule.  Braun  (77)  holds  in 
reptiles  that  there  is  a  short  connecting  canal  given  off  from  the  Wolffian 
duct  which  joins  the  segmental  vesicle  and  that  by  the  lengthening  out 
of  this  canal  the  tubule  proper  is  developed;  while  the  Malpighian  body 
is  formed  from  the  vesicle  itself.  The  most  painstaking  and  the  only 
complete  account  which  I  can  find  is  by  Mihalkovics  (8S)and  he  gives 
in  detail,  illustrated  by  a  number  of  figures,  the  various  changes  assumed 
by  the  vesicle  in  its  conversion  into  a  Wolffian  tubule.  He  gives  an 
accoimt  of  this  process  in  both  the  lizard  and  the  chick  and  as  they  agree 
in  all  essential  points  it  will  serve  our  purpose  to  relate  briefly  a  summary 
of  this  change  occurring  in  the  chick.  The  Wolffian  vesicles  are  situated 
at  the  median  side  of  the  Wolffian  duct  and  their  contiguous  surfaces 
are  in  close  contact  and  at  the  point  of  imion,  there  is  a  melting  away  of 
the  cells  and  a  commimication  is  formed  connecting  the  limien  of  both 
vesicle  and  duct.    At  the  same  time  that  the  above  is  occurring  the  round 
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form  of  the  vesicle  becomes  flattened  by  the  sinking  in  of  its  dorsal  wall 
and  as  a  result  we  see  in  cro^a  section,  a  half  moon  shaped  body  the  lateral 
wall  of  which  is  joined  to  the  median  side  of  the  Wolfl&an  duct,  and  its 
convex  wall  is  ventral  and  at  the  median  side  of  the  urogenital  ridge,  dose 
to  the  coelom  epithelium  and  its  median  point  directed  towards  the  aorta. 
In  the  concavity  of  the  half  moon  is  an  aggregation  of  connective  tissue 
which  is  the  anlage  of  the  futiu-e  glomerulus.  The  short  canal  which 
connects  the  vesicle  with  the  Wolffian  duct  is  the  anlage  from  which, 
when  fully  developed,  a  tortuous  tubule  arises;  while  the  Malpighian 
body  alone  arises  from  the  half  moon  shaped  Wolffian  vesicle. 

This  accoimt  of  Mihalkovics  for  the  chick  is  entirely  different  from 
what  I  have  found  in  Sus.  In  the  pig  the  Wolffian  vesicle  assumes  an 
oval  form  with  its  long  diameter  directed  dorso-ventralwards,  the  walls 
of  the  Wolffian  vesicle  and  duct  being  in  close  contact.  Shortly  after 
this  the  two  are  connected  by  a  short  canal,  which  is  given  off  from  the 
dorso-median  wall  of  the  Wolffian  duct  and  imiting  at  the  dorso-lateral 
border  of  the  vesicle.  In  figure  4  the  vesicle  (w.  v.)  is  seen  united  to  the 
Wolffian  duct  (w.  d.)  by  a  short  curved  canal  as  above  described.  By 
comparing  figures  1  and  2  with  figure  4  it  will  be  seen  at  this  stage  that 
the  middle  plate  has  increased  considerably  in  size  and  now  projects  into 
the  body  cavity  and  from  this  period  on  will  be  designated  as  the  Wolffian 
ridge.  The  vesicle  having  become  oval  has  receded  back  from  the  coelom 
epithelium  (c.  e.)  and  its  long  diameter  is  vertical  to  the  body  axis. 
Otherwise  the  relations  of  the  vesicle  to  surrounding  tissues  and  organs 
are  not  changed  from  what  was  described  in  figures  1  and  2.  A  lumen 
in  the  canal  connecting  vesicle  and  Wolffian  duct  is  not  present  at  this 
early  period  (4).  As  to  the  origin  of  this  canal  whether  derived  from  the 
vesicle  or  from  the  Wolffian  duct  I  can  not  positively  state,  but  it  would 
seem  that  it  is  derived  from  the  latter,  from  tie  fact  that  its  cells  like  those 
of  the  Wolffian  duct  have  taken  the  stain  with  great  avidity  while  the 
cells  lining  the  vesicle  have  pale  nuclei.  By  comparing  figures  4  and  S 
it  will  be  seen  that  the  next  stage  of  development  is  brought  about  by  the 
sinking  in  of  the  median  wall  of  the  vesicle  at  point  'a'  and  causes  the 
latter  to  assume  somewhat  of  an  *S'  shape  (figure  5)  whereby  the  anlage 
of  the  three  portions  of  each  tubule  and  Malpighian  body  can  be  differ- 
entiated. The  proximal  portion  of  the  tubule  (5)  is  quite  narrow  and  it 
now  has  a  distinct  lumen  and  ciu^es  dorsally  and  passes  imder  the  ventral 
border  of  the  cardinal  vein  (c  v.)  and  shortly  afterwards  unites  with  the 
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second  portion  of  the  tubule  at  point  1  (figure  1).  The  second  portioii 
of  the  tubule  extends  from  1  to  2  and  is  spindle  shaped(figure  5).  This 
second  portion  curves  ventralwards  with  a  sUght  lateral  deviation  and 
then  becomes  constricted  at  point  2,  then  makes  a  sharp  curve  median- 
wards  and  passes  over  into  the  third  portion  of  the  tubule.  This  third 
portion  extends  from  point  2  to  anlage  of  the  Malpighian  hody  and  like 
the  first  portion  is  quite  narrow.  The  third  portion  is  directed  mediaii- 
wards  and  is  parallel  with  the  ventral  surface  of  the  Wolffian  ridge.  The 
anlage  of  the  Malpighian  body  is  the  expanded  distal  end  of  the  third 
portion  of  the  tubule  (5)  and  its  median  surface  is  in  close  relation  with 
the  aorta  (A).  In  figure  6,  a  trifle  older  stage  is  shown  and  the  several 
portions  of  the  tubule  are  more  clearly  defined  than  in  figure  5.  From 
the  preceding  account  it  will  be  seen  that  the  two  distal  portions  of  eadi 
tubule  and  the  Malpighian  capsule  are  derived  from  the  Wolffian  veside. 
By  comparing  figiu-es  4,  5  and  6,  it  will  be  seen  that  the  limien  of  the  two 
distal  portions  of  the  tubule  and  the  Malpighian  capsule  are  filled  with 
darkly  stained  formative  cells  while  in  figure  6  no  such  cells  are  present 
in  the  proximal  (first)  portion  of  tubule.  This  fact  is  additional  evidence 
that  the  first  portion  of  the  tubule  arises  as  an  outgrowth  from  the 
Wolffian  duct.  In  figure  8  the  first  portion  of  the  tubule  and  the  WolfBan 
duct  are  also  seen  to  enclose  these  building  cells  but  I  think  it  purdy 
accidental  here  and  beheve  they  have  migrated  from  the  other  pcHtioDS 
of  the  tubule,  after  union  with  the  Wolffian  duct;  for  in  figiure  3,  from  a 
section  showing  Wolffian  vesicles  (w.v.)  and  Wolffian  duct,  the  fonner 
are  seen  to  enclose  these  formative  cells  while  the  latter  has  a  clear  Imnen. 
Mihalkovics  (85)  represents  the  glomerulus  as  developing  pari  passu 
with  the  tubule.  In  Sus  this  does  not  seem  to  be  the  case.  In  an 
embryo  of  three  mm.  from  sections  of  which  figiu-es  21  and  22  are  taken 
the  canals  in  the  proximal  three-fourths  of  the  gland  have  assumed  their 
typical  ciu^es,  but  the  expanded  distal  end  of  tubule  which  is  the  anlage 
of  the  Malpighian  body  (a.  m.  b.),  shows  no  evidence  of  invaginatioiL 
In  figiu^  20,  the  anlage  of  Malpighian  body  shown  in  figure  22  is  seen 
more  highly  magnified;  it  is  to  be  noticed  that  no  evidences  of  invagina- 
tion are  to  be  seen.  In  embryos  from  3  to  3.5  mm.  the  changes  relative 
to  the  invagination  of  the  Malpighian  capsule  and  the  formation  of  the 
glomerulus  are  first  to  be  seen.  The  origin  of  the  Malpighian  tuft  of 
vessels  (glomerulus)  has,  so  far  as  I  have  been  able  to  ascertain,  received 
very  Uttle  attention  from  workers  in  this  field  of  embryology.    The  only 
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detailed  account  I  have  found  is  by  Mihalkovics  (85)  who  accepts  the 
theory  advanced  by  Gdtte  (74)  and  Fiirbringer  (78)  for  amphibia  and 
Braim  (77)  for  reptiles.  Mihalkovics  found  in  the  chick  that  the  invagi- 
nation of  the  Malpighian  capsule  went  on  pari  passu  with  the  develop- 
ment of  the  tubule  and  that  first  a  collection  of  mesobkstic  cells  are 
noticed  around  the  dorsal  wall  of  the  capsule  and  these  later  are  invagi- 
nated  into  the  capsule  and  become  the  anlage  of  the  glomerulus.  At  this 
period  no  branches  are  seen  approaching  the  Malpighian  body  from  the 
aorta.  Soon  after  invagination  has  occurred,  groups  of  darkly  stained 
cells  are  to  be  seen  among  the  connective  tissue  of  the  glomerulus  anlage. 
According  to  Mihalkovics  these  darker  stained  cells  are  first  transformed 
into  colorless  and  then  colored  blood  corpuscles;  surroimding  connective 
connective  tissue  becoming  the  coiled  vessels.  Mihalkovics  quotes 
Romiti  and  Schafer  as  giving  this  origin  for  the  blood  corpuscles  and 
their  enclosing  vessel  walls,  for  other  organs.  I  do  not  doubt  the  perfect 
physiological  propriety  of  this  view  but  as  a  matter  of  fact  it  does  not 
occxu:  here.  In  figure  7,  from  an  embryo  3  mm.  long,  the  changes  pre- 
paratory to  formation  of  the  glomeruli  are  to  be  seen.  It  will  be  noticed 
in  this  figiu-e  that  the  aorta  (a)  is  relatively  of  large  size  and  that  opposite 
the  median  point  of  the  Malpighian  capsule,  there  is  an  evagination  of 
the  aorta  and  at  this  point  a  diverticulum  is  given  oflF  from  the  latter, 
which  passes  outwards  into  the  connective  tissue  of  the  WolflSan  ridge 
and  comes  in  close  relation  with  the  dorsal  wall  of  the  Malpighian  cap- 
sule. The  wall  of  the  aorta  is  continuous  with  the  wall  of  the  diverticu- 
lum and  the  latter  is  seen  to  be  filled  with  numerous  blood  vessels  enclos- 
ing blood  corpuscles.  In  some  cases  I  find  no  diverticulum  from  the 
aorta,  but  a  number  of  small  blood  vessels  instead  which  ramify  on  the 
dorsal  surface  of  the  capsule;  preparatory  to  invagination  of  the  latter 
In  figure  17,  from  an  embryo  of  4  mm.  in  length  the  glomerulus  is  com- 
mencing to  invaginate  while  in  figure  16  a  fully  developed  Malpighian 
body,  from  a  5  mm.  embryo,  is  shown;  the  glomerulus  being  entirely 
invaginated  and  surrounded  by  a  Malpighian  capsule.  The  cells  seen  in 
the  glomeruli  of  figures  16  and  17  are  the  nuclei  of  the  endothelial  cells 
of  the  coil  vessels,  and  the  wavy  outline  of  the  latter  is  seen  in  figure  16. 
In  figiu-e  16  in  the  cells  lining  the  Malpighian  capsule  the  transition  from 
cylindrical  to  cubical  and  later  to  connective  tissue  is  clearly  shown. 
Figure  13  also  represents  a  mature  Malpighian  body  but  owing  to  greater 
pressure  there  is  less  space  between  glomerulus  and  capsul  thane  is  seen 
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in  figure  16.  In  figures  18  and  19,  from  an  embryo  5  mm.  long  the  Mal- 
pigiuan  bodies  are  fully  developed  and  the  large  branches  given  o£F  to  the 
glomeruli  from  the  aorta  are  seen. 

Each  fully  developed  Wolffian  canal  consists  of  three  typical  portiois, 
a  dorsal  (first),  ventral  (third)  and  middle  (second)  which  are  connected 
by  two  sharp  curves.  The  dorsal  portion  cylindrical  in  form  affords  the 
connection  with  the  Wolffian  duct  and  then  curves  dorsalwards  along 
the  lateral  edge  of  the  Wolffian  ridge  and  then  passes  medianwards  akmg 
the  ventral  edge  of  the  cardinal  vein  and  approaches  close  to  the  aorta, 
on  the  inner  side  of  the  ridge,  where  it  makes  a  sharp  ou-ve  and  passes 
over  into  the  spindle  shaped  middle  portion  of  tubule.  The  middle 
portion  passes  ventralwards  and  then  ciurves  under  the  first  portion  and 
here  makes  a  sharp  curve  and  passes  into  the  anterior  portion  of  the 
tubule  which  is  directed  medianwards  and  passes  close  to  and  almost 
parallel  with  the  ventral  surface  of  the  Wolffian  ridge  and  then  expands 
into  the  capsule  of  the  Malpighian  body,  at  the  median  ventral  an^ 
of  the  ridge.  The  above  described  relations  are  readily  seen  in  figures 
8  and  12,  the  first  or  posterior  portion  of  the  tubule  extends  from  the 
Wolffian  duct  (w.  d.)  to  point  designated  (1)  where  there  is  a  sharp  curve. 
The  middle  or  second  spindle  shaped  portion  extends  from  point  (1)  to 
(2)  where  we  find  the  second  sharp  curve.  The  anterior  or  third  portion 
of  tubule  extends  from  point  (2)  to  the  Malpighian  capsule.  In  figures  9 
and  10  (left  section)  the  proximal  two-thirds  of  first  portion  of  tubule 
(t.  w.)  is  seen.  In  figure  12  a  complete  tubule  with  its  Malpighian  body 
is  shown.  In  figure  8  the  tubule  is  seen  arising  from  the  ventral  side  of 
the  Wolffian  duct,  an  occurrence  which  I  have  only  found  two  times  in 
examining  several  thousand  sections  of  this  region.  In  figure  12  at 
point  (s)  (in  first  portion  of  the  tubule)  there  is  seen  a  sharp  secondary 
curve.  In  figure  8  from  a  somewhat  younger  embryo  this  secondary 
ciu^e  is  present  but  less  sharply  defined.  I  do  not  find  a  description  of 
this  secondary  cm^e  in  the  writings  of  any  author  who  has  investigated 
the  Wolffian  body.  While  each  Wolffian  canal  shows  three  typical 
positions  it  is  impossible  to  find  any  two  canals  which  are  identical 
throughout  their  entire  course.  In  embryos  of  5  mm.  from  sections  of 
which  figiu'es  18  and  19  are  taken,  it  is  no  longer  possible  to  recognize  the 
entire  course  of  a  tubule.  As  the  Wolffian  body  develops  the  tubules 
lengthen  out  and  new  cm^es  arise,  giving  the  canals  a  highly  tortuous 
and  convoluted  course. 
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With  the  formation  of  the  primary  tubules  and  tjhieir  glomeruli  the 
growth  of  the  Wolffian  body  is  by  no  means  complete.  Two  factors 
contribute  to  the  further  growth  of  this  organ;  first  the  lengthening  out 
of  the  several  portions  of  each  tubule,  the  intensification  of  the  primary 
curves  and  by  the  addition  of  new  ones;  second  by  the  formation  of 
secondary,  tertiary  and  quaternary  canals.  I  shall  designate  as  secondary 
canals  all  tubules  developing  subsequent  to  the  primary  set.  As  the 
origin  of  the  primary  mesonephric  tubules  gave  rise  to  several  theories, 
we  have  likewise  a  number  of  different  views  regarding  the  origin  of 
the  secondary. 

(a)  The  first  view — ^The  secondary  tubules  and  their  glomeruli  arise 
either  by  fission  or  buds  from  the  primary  set.  Either  of  these  processes 
may  have  as  a  starting  point  the  wall  of  the  Malpighian  capsule  or  the 
tubule  itself.  Braim  (77)  foimd  in  reptiles  and  Spengel  (76)  in  amphibia 
that  the  primary  glomeruli  are  first  divided  by  fissures  which  continue 
along  the  course  of  the  tubule  until  the  Wolffian  duct  is  reached.  In 
Selachians  according  to  the  statements  of  Sedgwick  (80)  and  Balfour  (74) 
the  glomeruli  is  the  starting  point  of  proliferation;  cell  buds  grow  out 
from  the  latter  and  towards  the  Wolffian  tubules  lying  in  front  of  them 
with  which  their  blind  ends  fuse.  After  this  union  has  been  effected 
they  detach  their  other  end  from  the  parent  tissue.  Renson  (83)  held 
the  same  view  for  birds  but  gives  no  adequate  proof. 

In  discussing  the  origin  of  the  secondary  canals  in  the  human  embryo 
Nagel  (89)  says  one  finds  nimaerous  accumulations  of  epithelial  ceUs  in 
the  middle  of  the  sections  and  which  might  lead  one  to  think  the  further 
growth  of  the  tubules  occurs  through  differentiation  of  the  Wolffian 
tissues.  But  the  examination  of  whole  series  of  sections  shows  most 
clearly  that  these  epithelial  collections  stand  in  direct  relation  with  the 
previous  formed  canals  and  that  they  represent  the  soUd  ends  of  the  same. 
Nowhere  is  there  to  be  seen  the  transition  of  the  cells  of  the  Wolffian 
tissue  to  the  epithelial  cells  which  would  be  the  case  of  the  latter  arose 
from  the  former.  The  solid  end  pieces  of  the  canals  are  sharply  defined 
from  the  surrounding  tissues  as  the  canals  themselves.  From  this  an- 
alysis Nagel  concludes  that  the  later  development  of  the  Wolffian  canals 
in  man  occiu*s  through  a  process  of  buds  or  outgrowths  of  the  previously 
formed  canals.  Sedgwick  (80)  in  describing  this  process  in  the  chick 
does  not  seem  to  arrive  at  a  definite  conclusion  but  thinks  that  the  second- 
ary arise  from  the  dorsal  walls  of  the  primary  set  of  tubules. 
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(b)  Second  view — ^The  secondary  canals  arise  like  the  primary  from 
invaginations  of  the  coelom  epithelium.  FUrbringer  (78)  is  an  advocate 
of  this  theory  and  says  that  the  secondary  canals  arise  from  the  coelom 
epithelium  on  the  median  side  of  the  primary  canals  and  passes  into  the 
Wolffian  tissue  in  the  form  of  cell  cords  which  later  lose  their  fnimaiy 
connection. 

(c)  Third  view — ^The  secondary  canals  and  glomeruh  arise  indepeo- 
denUy  of  the  primary  through  a  process  of  differentiation  of  the  WotfEan 
mesoblast.  This  view  was  first  advanced  by  Bomhaupt  and  later  con- 
firmed by  Balfour  (79)  and  Mihalkovics  (85).  My  own  investigatkms 
are  in  perfect  accord  with  this  later  view  and  I  will  attempt  to  show  that 
in  Sus  the  secondary  canals  arise  independent  of  the  coelom  epithehum 
and  primary  tubules,  through  a  differentiation  of  the  mesoblastic  ceDs 
of  the  Wolffian  ridge.  Mihalkovics  (85)  in  reptiles  and  birds  finds  no 
evidence  that  the  secondary  canals  arise  from  the  primary  through  fisskn 
or  buds.  According  to  Sedgwick  (80)  the  secondary  canals  of  the  chick 
arise  dorsal  from  the  primary  and  the  tertiary  dorsal  from  the  secondaiy ; 
but  Mihalkovics  has  shown  that  the  secondary  canals  may  arise  either 
ventral,  dorsal  or  intermediate  from  the  primary.  Investigations  ci 
the  origin  of  the  secondary  canals  in  Sus  is  difficult  from  the  fact  that  the 
secondary  canals  do  not  appear  imtil  the  primary  are  quite  fully  formed. 
In  figures  8,  21  and  22  the  several  portions  of  each  tubule  are  readily 
seen,  no  secondary  canals  have  as  yet  appeared.  Like  the  primary,  the 
secondary  canals  develop  in  a  proximal-distalward  extending  direction. 
In  figure  21  from  the  proximal  region  of  the  Wolffian  body  of  an  embryo 
3  mm.  long,  I  find  the  first  changes  which  lead  up  to  the  formati(Hi  of 
the  secondary  canals;  midway  between  the  spindle  shaped  second  porti(Hi 
of  the  primary  canal  and  the  aorta  there  are  to  be  seen  several  collecticHxs 
of  mesoblastic  cells  which  are  closely  packed  together.  These  celk 
take  the  stain  with  great  intensity  and  contrast  strongly  with  the  sur- 
rounding connective  tissue.  I  find  no  branches  from  the  aorta  approach- 
ing these  groups  of  cells  nor  any  thickening  or  invaginations  extaiding 
in  from  the  overlying  coelom  epitheliiun.  These  ceUs  are  at  quite  a  dis- 
tance from  the  latter  and  even  though  epithelial  cords  were  presait  it 
would  be  difficult  to  conceive  their  passage  through  connective  tissue, 
intercellular  spaces  and  primary  tubules  and  finally  reach  the  designated 
point  in  figure  21.  In  figiu-e  11  from  an  embryo  4  mm.  long  we  see  the 
next  stage  in  the  development  of  a  secondary  canal  (t  w.);  here  a  base- 
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ment  membrane  is  present  and  the  darkly  stained  mesoblastic  cells  are 
assuming  a  radial  arrangement  and  lumen  i  just  appearing  in  the  vesicle. 
The  shape  of  this  secondary  vesicle  is  oblong,  its  width  being  about  one- 
half  of  its  length;  while  cross  sections  of  primary  vesicles  are  nearly 
round  (figures  1,  2  and  3).  The  next  period  of  development  is  also  seen 
in  figure  11  where  the  anlage  of  a  secondary  canal  is  just  ventral  to  the 
above  described  vesicle  and  has  assumed  somewhat  of  a  ladle  shaped 
form.  By  comparing  the  anlage  of  these  two  tubules  (figure  11)  it  will 
be  seen  that  the  medi^  portion  of  the  vesicle  becomes  the  anlage  of  the 
Malpighian  body  while  the  lateral  portion  becomes  the  tubule  proper. 
This  occurs  in  much  the  same  way  as  described  in  the  primary  vesicles 
(figures  4,  5  and  6),  although  the  process  of  differentiation  of  the  vesicle 
into  a  tubule  is  somewhat  abbreviated  in  the  case  of  the  secondary  canals. 
As  to  the  division  of  a  Malpighian  body  by  fissure  or  buds  growing  out 
from  it — I  have  carefully  examined  the  sections  of  a  dozen  embryos 
ranging  in  size  from  3  to  5  mm.  and  nowhere  find  evidence  of  such  occur- 
ences. In  regard  to  NageFs  view  (89)  that  the  secondary  canals  arise 
as  outgrowths  from  the  primary  I  can  feel  sure  in  saying  that  it  does  not 
occur.  One  can  find  niunerous  sections  similar  to  figure  14  which  appear 
like  the  outgrowth  of  a  secondary  tubule  from  a  primary,  but  such  is 
not  the  case  for  by  following  this  outgrowth  in  consecutive  sections  it 
will  be  found  to  continue  into  a  secondary  tubule  and  the  apparent  blind 
sack  to  be  caused  by  a  sharp  curve  which  the  tubule  made  before  joining 
the  collective  portion  of  the  primary  canal.  According  to  MLhalkovics 
(85)  secondary  canals  in  the  chick  are  formed  either  dorsal,  ventral  or 
inedianwards  from  the  primary.  By  comparing  figures  9,  10  and  21,  it 
wiU  be  seen  that  the  first  portion  of  the  primary  tubule  passes  very  dose 
to  the  lateral  surface  of  the  Wolffian  ridge  and  then  cmves  backward  to 
the  cardinal  vein  and  lies  directly  in  front  of  the  ventral  smrface  of  the 
latter.  From  this  it  wiU  be  seen  that  there  is  but  little  space  for  secondary 
canals  to  develop  dorsal  from  the  primary  and  I  have  only  found  one  in- 
stance of  this  occurrence  which  is  shown  in  figure  15.  The  secondary 
canals  do  not  arise  ventralwards  from  the  primary  for  a  like  want  of  space 
(figure  9)  but  are  found  to  develop  medianwards  from  the  primary 
(figure  11).  The  secondary  glomeruli  are  situated  lateral  and  dorsal 
from  the  primary;  the  latter  occupying  a  position  near  the  inner  portion 
of  the  gland  just  dorsal  to  the  germinal  epithelium  (g.  e.).  The  relations 
of  primary  and  secondary  Malpighian  bodies  are  shown  in  figure  10. 
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In  the  chick  of  five  or  six  days  Mihalkovics  finds  bom  12  to  18  Wolffian 
tubules  opening  into  the  Wolfiian  duct  in  each  body  somite  and  that  it 
is  no  uncommon  occurrence  to  find  three  tubules  empt3ang  into  the  duct 
in  the  same  section  and  besides  the  tubules  which  <^>en  direct  into  the 
Wolffian  duct  he  finds  from  20  to  40  indirect  tubules  in  each  somite. 
These  indirect  tubules  empty  into  the  collective  (first)  portion  of  a  direct 
canal.  This  would  make  a  total  of  from  thirty  to  sixty  direct  and  indirect 
tubules  for  each  body  somite.  I  find  in  Sus  from  2  to  3  tubules  eii^>t3ring 
into  the  Wolffian  duct  in  each  body  somite.  In  embryos  of  four,  five, 
eight  and  fifteen  mm.  respectively  the  niunber  of  direct  canals  remains 
practically  the  same,  that  is  two  to  three  to  each  somite.  In  embiyos 
of  four  to  five  nmi.  length  (figures  10,  11-18,  19)  from  two  to  three 
Malpighian  bodies  are  to  be  seen  in  each  section  in  the  middle  two-thirds 
of  the  Wolffian  body.  In  embryos  ranging  in  size  from  8  mm.  to  1-5 
10  cm.  one  frequently  finds  from  six  to  eight  Malpighian  bodies  in  a  single 
section.  From  this  one  naturally  comes  to  the  conclusion  that  all  or 
nearly  all  of  the  secondary  canals  in  Sus  are  indirect;  emptying  into  the 
collective  portion  of  a  primary  canal.  The  examination  of  a  number 
of  sections  demonstrates  the  correctness  of  this  as  can  be  seen  in  figures 
14  and  19.  In  figure  11  the  proximal  end  of  the  anlage  of  a  secondary 
canal  is  in  contact  with  the  median  wall  of  a  primary  tubule  and  later 
will  open  into  it.  I  have  only  found  one  instance  in  which  two  tubules 
open  into  the  WolflSan  duct  in  the  same  section.  This  is  shown  in  figure 
15,  the  outer  of  the  two  tubules  being  a  secondary  while  the  inner  b 
a  primary  one.  Thus  it  appears  that  an  occasional  secondary  tubule 
opens  directly  into  the  Wolffian  duct,  but  is  quite  a  rare  occurrence. 
Lincoln,  Nebraska, 
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EXPLANATION  OF  PLATE  XVH 

Fig.  1.  Cross  section  form  the  proximal  end  of  the  Wolffian  body  of  an  embryo 
2.5  mm.  long.    HI— 4  X  100. 

Fig.  2.  Left  side  of  figure  1  more  higiily  magnified  1—5  X  190. 

Fig.  3.  An  oblique  section  passing  through  the  distal  end  of  a  3  mm.  embryo. 
The  Wolffian  duct  and  three  Wolffian  vesicles  are  shown.    Ill— 5  X  280. 

Figs.  4  and  5.  Cross  sections  from  the  distal  end  of  a  4  mm.  embryo.  I — 5 
X  190. 

EXPLANATION  OF  PLATE  XVm 

Fig.  6.  Cross  section  from  the  distal  end  of  a  4  nun.  embryo.    I — ^5  X  190. 

Fig.  7.  Cross  section  from  the  middle  third  of  the  Wolffian  body  of  a  3  mm.  em- 
bryo,   m— 4X100. 

Fig.  8.  Cross  section  through  the  middle  third  of  the  Wolffian  body  of  a  3  and 
5-10  mm.  embryo,    m-^  X  140. 


EXPLANATION  OF  PLATE  XIX 

Fig.  9.  Cross  section  through  the  proximal  end  of  Wolffian  body  of  a  4  mm. 
embryo.    1—5  X  190. 

Fig.  10.  Cross  section  through  Wolffian  bodies  of  middle  third  of  a  4  mm.  em- 
bryo 1—3  X  66. 

EXPLANATION  OF  PLATE  XX 

Fig.  11.  Cross  section  through  the  middle  third  of  the  Wolffian  body  of  a  4  mm. 
embryo.    IV— 3  X  125. 

Fig.  12.  Cross  section  through  the  distal  end  of  a  5  mm.  embryo.    IV — 3  X  125. 

Fig.  13.  Shows  the  Malpighian  body  seen  in  fig.  12  more  highly  magnified,  m— 
5X280. 

Fig.  14.  Cross  section  through  the  middle  third  of  Wolffian  body  of  a  4  mm. 
embryo,  showing  Wolffian  duct  and  proximal  portions  of  Wolffian  tubules.  I-^ 
X  190. 

EXPLANATION  OF  PLATE  XXI 

Fig.  15.  Cross  section  through  the  middle  third  of  Wolffian  body  of  a  4  mm. 
embryo,  showing  Wolffian  duct  and  proximal  portions  of  Wolffian  tubules.  I — 5 
X  190. 

Fig.  16.  Cross  section  through  a  fully  developed  Malpighian  body  of  a  5  mm. 
embryo.    1—5  X  190. 

Fig.  17.  Cross  section  through  a  Malpighian  body  in  which  the  glomerulus  is  un- 
dergoing invagination  from  a  4  mm.  embryo.    I — 7  X  300. 


Digitized  by  VjOOQIC 


238  ANGLE 

EXPLANATION  OF  PLATE  XXH 

Fig.  18.  Cro8B  section  thiouj^  middle  third  of  the  Wolffian  body  of  a  5  mm.  em 
bfyo.        X 160. 

Fig.  19.  Crofli  section  throu^^  the  distal  end  of  a  Wolffian  body  of  a  5  mm.  em- 
bryo.   1—4X39. 

EXPLANATION  OF  PLATE  XXm 

Fig.  20.  Anlage  of  Malpighian  body  before  invagination  of  capsule  has  occulted. 
From  an  embryo  of  3  mm.    111—5X280. 

Fig.  21.  Cross  section  through  the  proximal  end  of  Wdffian  body  of  a  3  mm. 
embryo.    IV-^  X  125. 

Fig.  22.  Cross  section  through  the  middle  third  of  the  Wolffian  body.  From  the 
ame  embryo  as  Fig.  2L    m— 4  X  125. 
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VARIATION  IN  THE  HORIZONTAL  DISTRIBUTION  OF  PLANK- 

TON  IN  DEVILS  LAKE,  NORTH  DAKOTA 

Erik  G.  Mobesg^ 

The  horizontal  distribution  of  plankton  has  been  studied  by  several 
investigators  and  varied  results  have  been  obtained  It  is  usually  held, 
however,  that  under  uniform  physical  conditions  the  distribution  of 
the  plankton  is  uniform.  The  question  is  of  great  importance  since  in 
quantitative  plankton  investigations  the  amount  of  plankton  found  at 
a  certain  station  is  usually  taken  as  representative  of  a  large  area. 

For  several  years  plankton  studies  have  been  carried  on  at  the  Biolo- 
gical Station  at  Devils  Lake,  North  Dakota,  under  the  direction  of  Dr. 
R.  T.  Young,  and  in  connection  with  these  studies  collections  were  made 
during  the  summer  of  1914,  to  determine  whether  the  organisms  in  Devils 
Lake  showed  any  diurnal  movements.  For  this  purpose  collections  were 
made  shortly  after  noon,  just  after  simset,  and  shortly  before  sunrise 
from  the  surface,  the  0.6  m.,  the  2.1  m.,  and  the  3.6  m.  levels,  the  depth 
of  the  lake  at  that  place  being  about  4  m.  All  the  samples  were  taken 
in  identically  the  same  place  and  on  all  occasions  the  velocity  of  the  wind 
and  the  condition  of  the  sky  were  similar.  The  samples,  each  of  500 
cc.,  were  concentrated  to  10  cc,  and  counted  according  to  the  Sedgwick- 
Raf ter*  method.  In  each  case  the  total  number  of  individuals  in  two 
or  three  cells,  and  therefore  in  100  cc.  or  150  cc.  of  the  original  sample, 
were  counted.    The  results  obtained  are  shown  in  Table  I. 

TABLE  I 
Showimo  the  Nuhbes  of  Individuals  per  Liter  of  Water 


000-2-30  TM, 

8:30-9:30  P.M. 

3KXM.O0Ajf. 

Depth 

Crustacea 

Rotifera 

Crustacea 

Rotifera 

Crustacea 

Rotifera 

Swfiicf 

40 

20 

25 

125 

310 
440 
380 
330 

110 
90 
95 

270 

770 
920 
680 
940 

160 
240 
280 
260 

480 

0.6  m 

560 

2.1  m. 

360 

3,6  m 

580 

Total  all.leveb.. 

210 

1460 

565 

3310 

940 

1980 

1  Numerals  refer  to  notes  beginning  on  p.  265. 
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Even  if  there  had  been  a  vertical  movement  of  the  oiganisms  the  total 
number  of  individuals  of  one  series  should  be  approximately  equal  to  that 
of  another  series.  Instead  we  find  that  the  evening  series  contains  more 
than  twice  as  many  crustaceans  as  the  noon  series,  and  that  collected  in 
the  morning  more  than  four  times  as  many.  In  the  case  of  the  rotifen 
the  variations  are  not  quite  as  large.  These  results  seem  to  show  that 
there  had  been  horizontal  movements  of  the  plankton  animals  during  the 
intervals  between  the  periods  of  collecting. 

To  test  the  horizontal  distribution  further  and  more  directly  several 
series  of  collections  were  made  during  the  summers  of  1914, 1915  and  1916. 
In  some  cases  the  samples  were  taken  from  a  number  of  nearby  points 
in  a  part  of  the  lake  where  the  physical  conditions  do  not  vary  appreci- 
ably, while  in  others  the  entire  series  was  collected  from  a  fixed  point  at 
short  intervals  of  time.  The  accompanying  maps  show  the  main  part 
of  the  lake  and  the  approximate  locations  of  the  stations  at  which  the 
samples  were  obtained. 

In  connection  with  some  of  the  1915  series  the  amount  of  phyto- 
plankton  and  of  dissolved  chemicals  (oxygen,  free  and  albiuninoid  am- 
monias, and  CO*  and  HCO*  ions)  were  determined'  in  order  to  show  the 
relation  between  the  zooplankton  and  the  food  and  chemical  consti- 
tuents in  the  water. 

During  1914  and  1915  the  Sedgwick-Rafter  method  of  concentrating 
and  counting  was  used  in  the  plankton  wot-k,  ten  squares  being  counted 
in  the  case  of  the  plants,  but  in  the  case  of  the  animals  the  entire  number 
of  individuals  in  five  cells  (one-half  of  the  collection)  was  counted. 
Except  where  specified  the  volume  of  each  sample  was  500  cc.  and  in  all 
cases  it  was  concentrated  to  10  cc.  During  1916  the  collections  were 
made  by  means  of  a  pump  and  a  plankton-net  The  water  was  measured 
by  means  of  a  water  meter  and  pumped  thru  the  net  where  the  organisms 
were  retained.  Five  gallons  (18927  cc.)  were  collected  and  concentrated 
to  18.9  cc.,  making  a  ratio  of  1000  to  1.  In  five  cells  of  each  sample  the 
entire  number  of  zooplanktonts  was  counted. 

The  results  of  the  measiu-ements  and  of  the  analvses  are  expressed  as 
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Merismopedia,  and  a  number  of  others,  less  common),  in  standard 
uoits^  per  liter;  diatoms,  rotifers,  and  crustaceans  in  number  of  indivi- 
duals per  liter. 

The  variation  in  the  horizontal  distribution  of  the  plankton  may  be 
studied  from  three  different  points  of  view;  namely:  (1)  the  variation 
of  the  total  amount  of  plankton,  (2)  the  variation  of  each  species,  and 
(3)  the  correlation  between  the  zooplanktonts,  the  ph3rtoplanktonts, 
and  the  physical  and  chemical  conditions  of  the  environment 
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Whipple*  states  that  the  experimental  error  is  not  more  than  about  ten 
per  cent.  In  the  case  of  some  of  the  algae,  the  error  is  probably  larger, 
especially  since  only  ten  squares  were  counted,  and  in  considering  the 
results  this  should  be  remembered;  but  for  the  animals  it  is  probably  less 
since  a  large  portion  of  the  sample  was  examined.  Since  in  most  cases 
the  depth  and  the  temperature  were  measured  and  the  amount  of  chemi- 
cab  determined,  the  results  give  some  conception  of  the  relation  between 
the  plankton  and  the  environment  It  must  be  remembered,  however, 
that  some  of  the  variation  in  the  chemicals  is  due  to  experimental  error. 

Notes  on  the  Different  Collections  and  Tabulation  of  Resxtlts 
Series  A.  A  set  of  eight  samples  was  collected  on  August  19, 1914 
from  points  lying  in  a  straight  line  between  the  two  shores  of  Creel  Bay 
The  distance  between  each  two  points  was  about  100  meters  and  the 
time  required  for  the  whole  series  was  about  a  half  hour.  The  greatest 
depth  between  the  two  shores  was  4.5  meters  at  points  5  and  6. 
At  no  point  does  the  depth  vary  more  than  one  meter  and  the  character 
of  the  bottom  is  uniform,  the  points  1  and  8  being  outside  the  littoral 
zone.  At  the  time  of  collecting  the  sky  was  clear  and  there  was  almost 
no  wind.  Only  the  animals  were  counted  and  the  results  are  shown  in 
Table  H. 

TABLE  n 

Showing  Data  for  Series  A 

(Amt »  Amount    %  var. = variatioii  from  the  mean  in  per  cent) 


Sample  1 

Sample  2 

Sample  3 

Sample  4 

Amt. 

%  var. 

Amt. 

%  var. 

Amt. 

%  var. 

Amt. 

%  var. 

Temperature,  r-r 

21.8 
108 

44 
248 
104 

16 
0 

80 

+3.3 
-39.7 
+62.9 
-32.6 
-13.3 
+10.3 
-100.0 
+66.6 

21.5 
48 
40 
540 
40 

4 

4 
36 

+1.9 
-73.2 
+48.1 
+46.7 
-66.6 
-69.2 
+100.0 
-25.0 

21.0 

128 

36 

300 

16 

4 

8 

28 

-0.4 
-28.4 
+33.3 
-18.5 
-86.6 
-69.2 
+300.0 
-41.7 

21.0 
140 

24 
324 

92 

24 
0 

48 

-0.4 

Bradiionus  satanicus 

Brachionus  mttlleri. 

Pedalion 

-21.8 
-11.1 
-11.9 

Moina 

-23.3 

Cyclops 

+84.6 

Diitptomus 

Nauplii 

-100.0 
0.0 
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TABLE  n  iPonUnuei) 


Samite  5 


Amt  %  var. 


San4)le6 


Anit%  var, 


Sample  7 


Amt.  %  var. 


San4)le8 


Amt.%  var. 


Meaa 


Temperature 

Brachionus  satani 

ai» 

Brachioaus  mOlkri 

PedaUoD 

Moina 

Cydopt 

Diaptomusf 

NamJii 


20.8 

356 

16 
564 

44 

24 
4 

84 


-1.4 

+98.9 
-40.7 
+53.2 
-63.3 
+84.6 
+100.0 
+75.0 


20.8 

292 

36 
372 
148 

28 
0 

48 


-1.4 

+63.1 

+33.3 

+1.1 

+23.3 

+93.1 

-100.0 

0.0 


21.0 

200 

4 
372 
144 

4 

0 
16 


-0.4 

+11.7 
-85.1 
+1.1 
+20.0 
-69.2 
-100.0 
-66.6 


21.8 

160 

16 
224 
372 

12 
0 

44 


+3.3 

-10.5 

-40.7 

-39.1 

+210i) 

-7 
-100.0 
-83 


21.1 

179i) 

27.0 

368J0 

1200 

14i 

2J0 

481) 


These  analyses  show  a  large  variation  of  all  the  species  and  espedaD^r 
of  the  Crustacea.  The  total  number  of  animals  is  almost  constant,  how> 
ever,  since  one  form  is  numerous  where  another  is  scarce.  The  tanpera- 
ture  varies  one  degree  but  does  not  seem  to  have  any  eflFect  on  the  num- 
ber of  animals.  The  variations  shown  by  the  different  species  are  sum- 
marized in  Table  m. 

TABLE  in 
Percent  op  Variation  prom  Mean  op  Series  A 


Mean 

Miniiwi^in 

Rang? 

Frarhfonus  ffatankruB 

±43.4 
±44.4 
±25.5 
±63.3 
±61.0 
±35.4 

+98.9 
+62.9 
+53.2 
+210.0 
+93.1 
+75.0 

-73.2 
-85.1 
-39.1 
-86.6 
-69  JJ 
-66.6 

172.1 

Brachiomia  mfillf  ri 

148i) 

Pfdftb'nn  ., 

92J 

Moina 

19^ 

Cyclops 

162J 

Nauplii 

141.6 

Series  B.  These  samples  were  collected  on  August  25,  1914,  in  the 
same  locality  and  under  the  same  weather  conditions  as  those  of  saies  A, 
but  the  distances  between  the  different  points  of  series  B  were  about 
twice  as  large,  and  1000  cc.,  instead  of  500  cc,  were  concentrated.  No 
separate  counts  were  made  of  the  different  species  but  the  animals  are 
grouped  under  Crustacea  and  Rotif era.    The  Crustacea  include:  Moina, 
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Diaptomus,  Cyclops,  and  Copepod  Nauplii.  The  Rotifera  include: 
Brachionus  satanicus,  B.  mUUerif  Pedalion,  and  a  few  Asplandma.  The 
results  are  shown  in  Table  IV. 


TABLE  IV 

Showing  Data  for  Series  B 

(Amt.  *  amount    %  var . »  variation  from  mean  in  per  cent) 


Sample  1 

Sample  2 

Samples 

Sample4 

Amt. 

%var 

Amt. 

%var. 

Amt. 

%var. 

Amt. 

%var. 

Mean 

Temperature 

15.8.. 

15.8 
355 

427 

15.8 
552 
316 

15.2 
326 
298 

198 
162 

-44.7 
-46.2 

-0.8 
+41.8 

+54.2 
+4.9 

-8.9 
-1.0 

358 

Rotifera 

301 

For  the  Rotifera  the  mean  variation  from  the  average  is  ±23.4% 
the  maximum  variation  +42%,  and  the  minimum  variation  —45.7%, 
making  a  range  of  87.7%.  For  the  Crustacea  the  figures  are:  mean 
±27.1%,  maximum  +54.3%,  minimum  -44.6%,  range  98.9%.  Here 
again  the  crustaceans  show  a  larger  variation  than  the  rotifers,  altho  the 
former  are  more  numerous. 

Series  C  This  series  was  collected  on  June  6,  1915,  from  points 
lying  in  a  straight  line  parallel  to  the  shores  of  Creel  Bay,  point  1  lying 
just  south  of  where  the  collections  of  series  A  and  B  were  made,  and  point 
5  a  short  distance  inside  the  mouth  of  the  bay.  The  sky  was  clear,  the 
time  required  about  one  hour,  and  the  distance  between  each  two  points 
about  250  meters.    The  results  are  shown  in  Table  V. 

The  very  slight  variation  in  depth  shows  no  effect  upon  the  organisms. 
The  chemicals,  excepting  the  ammonias,  show  a  uniform  distribution,  the 
variations  not  being  greater  than  the  errors  of  sampling  and  analysing. 
None  of  the  plankton  forms,  nor  the  plankton  as  a  whole,  show  any  rela- 
tion to  the  amount  of  ammonias.  It  may  be  noted  that  most  of  the 
forms  were  scarce  at  point  1,  and  abundant  at  point  5,  but  at  the  inter- 
vening points  the  total  amount  of  plankton  appears  quite  constant. 
Table  VI  summarizes  the  variation  of  the  different  plankton  forms. 
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TABLE  VI 
Pkecent  of  Variation  from  Mean  of  Series  C 


Mean 

Majdmum 

Minimum 

±37.9 

+93.4 

-45.7 

±35.2 

+55.9 

-49.2 

±32.5 

+56.2 

-53.1 

±40.0 

+66.6 

-66.6 

±29.9 

+50.5 

-41.1 

±57.5 

+118.7 

-100.0 

±48.0 

+80.0 

-60.0 

±26.6 

+66.6 

-33.3 

±33.0 

+44.9 

-45.6 

Range 


Nodularia. 

Other  Algae 

Brachionus  satanicxis.. 

Biachionus  mtklleri 

Pedalion. 

A^lanchna 

Cyclops 

Diaptomus. 

Nauplii 


139.1 

105.1 

109.3 

133.2 

91.8 

218.7 

140.0 

99.9 

90.5 


Series  D.  This  series  was  collected  on  June  21,  1915,  well  out  in  the 
main  part  of  the  lake  as  shown  on  the  map.  A  very  slight  south-west 
wind  was  blowing  and  the  sky  was  clear.  The  time  required  was  about 
one  hour  and  the  distance  between  two  points  about  200  meters.  Table 
Vn  shows  the  results. 

These  analyses  show  a  uniformity  of  physical  and  chemical  conditions, 
except  in  the  case  of  the  free  ammonia  which  varies  to  an  unusual  extent. 
Since  it  is  present  in  small  amounts  it  is  probable  that  the  greater  part  of 
its  variation  is  due  to  experimental  error.  No  relation  is  shown  between 
the  amount  of  ammonia  and  the  amount  of  plankton.  All  the  animals, 
and  especially  the  adult  crustaceans,  occur  in  small  numbers,  so  that 
some  of  them  will  be  excluded  in  tabulating  the  variation  percentages. 
It  is  important  to  note  that  at  point  3  all  animals,  except  Cydops  and  the 
nauplii,  are  absent,  while  at  point  4  most  of  them  are  quite  numerous. 
The  sunmiary  of  the  variations  is  shown  in  Table  Vm. 

TABLE  Vm 
Percent  of  Variation  from  the  Mean  of  Series  D 


Mean 

Maximum 

Minimum 

±51.9 

+61.2 

-72.1 

±11.1 

+22.3 

-14.6 

±138.1 

+276.2 

-100.0 

±81.8 

+118.2 

-100.0 

±57.1 

+77.1 

-100.0 

±50.0 

+100.0 

-80.0 

Range 


Nodularia 

Other  Algae 

Brachionus  satanicus. 
Brachionus  mtilleri.... 

Pedalion 

Nauplii 


133J 
36.9 
376.2 
218J 
177.1 
180.0 
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Series  E.  This  series  was  collected  on  July  27,  1915,  from  an  an- 
chored raft  some  distance  from  the  shore,  where  the  depth  was  about 
four  meters.  The  four  samples  were  taken  at  fifteen  minute  intervals 
beginning  at  11:30  a.m.  and  continuing  imtil  12:15  p.m.  The  wind  was 
blowing  from  the  south  causing  small  waves,  which  increased  in  size 
toward  the  end  of  the  series.  Cloudiness  and  sunshine  alternated  i^t 
short  intervals  thruout  the  period.  The  results  of  the  analyses  are 
shown  in  Table  DC. 

The  temperature  and  the  chemicals  are  almost  constant  The  first 
sample  shows  a  small  amoimt  of  both  plants  and  animals  while  in  sample 
4  the  zooplanktonts  are  abundant  Table  X  siunmarizes  the  percentages. 

TABLE  X 
Percent  of  Variation  from  Mean  of  Series  £ 


Mean 


Mayimiim 


MlTXlTt1l'll"> 


Range 


Nodularia 

Other  Algae 

Chaetoceros 

Other  diatoms 

Brachionus  satanicus.. 

Brachionus  mliUeri 

Pedalion 

Cyclops 

Diaptomus. 

Nauplii 


±10.8 
±7.0 
±34.7 
±69.5 
±39.3 
±28.2 
±17.8 
±25.0 
±50.0 
±55.2 


+10.5 
+14.0 
+36.1 
+139.0 
+78.6 
+54.3 
+35.6 
+50.0 
+75.0 
+73.1 


-21.5 
-9.0 
-42.9 
-65.9 
-41.2 
-54.3 
-16.3 
-50.0 
-100.0 
-70.1 


32.0 

23.0 

79.0 

204.9 

119.8 

108.6 

51.9 

100.0 

175.0 

143.2 


Series  F  and  G.  These  two  series  were  collected  on  August  3,  1915, 
at  the  same  point  as  was  series  £.  Series  F  represents  samples  taken 
from  the  surface,  while  the  samples  of  series  G  were  taken  from  a  depth 
of  three  meters.  The  samples  of  the  two  series  were  taken  alternately 
at  fifteen  minute  intervals,  the  period  between  the  collecting  of  two  sam- 
ples of  the  same  series  therefore  being  a  half  hour.  The  first  collection 
was  made  at  2 :00  p.m.  The  sky  was  clear  and  there  was  almost  no  wind. 
The  results  of  the  analyses  of  series  F  are  shown  in  Table  XI. 

These  analyses  show  the  physical  and  chemical  factors  to  be  quite 
constant,  and  the  total  amount  of  plankton  seems  fairly  evenly  distri- 
buted, except  in  1  where  all  the  animals  and  most  of  the  plants  are  absent 
or  few  in  nimiber.    The  results  are  summarized  in  Table  Xn. 


Digitized  by  VjOOQIC 


s 


»3^ 

^  o  o 


u 


ssgsss 


fo  r«  fo 

^   OO   t^ 


65 


I 


1^    l^^^ioto        est"* 


+  117   1 


fO  o 

o  o 


ss^sss 


00  >o  CJ  "* 
lO   O   ^  «-i 


-^  o 
<N  d 

I 


c»*p*oo\ocoo\>oc^oop'-< 


+  +   I    + 


+ 


i 


4-» 


6? 


I 


o  d 


s 


o  •H  >o 


sss?ss 


^  o 
^  d 

+ 


>oioc4>c>o>d '-«oH>dddd 

CM    to    C4      I       I     «0  ^ 


I  I  +  + 


>6  d 


s 


I 


<s  *-•  cs 


OP^O^O^*Ot^'-«OCScOfOOOco 

+  +  + ,  I +«  ,  ,  I  I  -  + 


'-I  00  Q  O  O  C      ^ 

to   ^   O   O   Q   Q   c^ 

cs  »o  o  O  p^  o  «*> 
rr-^"  Cf  go' 
'-^  t^  O   OS 


«S   ^  Q  C»«  O  Ol 

--  00  o  ^        o^ 


Digitized  by  VjOOQIC 


^ 


s 


w  to 

-  s 


^ 


^  iS 


.s 

3 

a 


I 


y 


y 


i 


s 


I 


I 


I 


0\  <^  o  S 
good 


ii; 


'  lo  ^«  O  c^  00 


3S:: 


o^>qppoq>q«Hl/^^ooo^«ooor^ 

-J.-J.  <N^i^|       lOOltO^St^ 


to  <^  o  S 

?i  ^  O  C>  05  ; 


Sf  2f  2" 

r*  PO  *<< 


^t 


O^ppp0^p0^«0>0«0a00000 
-J.  ^4.|CS*HO0C^_LOO_ 


S  o  s 

I      + 


CO  CO   O  S 

«H  >o  d  d 


c5  3 


O  Q  >0  O  O 
«-N  ^  «H  ^ 


228 


ON>Opp-^f^ror«oqc*JOv^OO'-< 

'-<»-<dd'^fot>^t^iot>^^o\dd^ 


i     I 


»o  «s  p  S 

c^  \o  d  d  vn 


s" 


Ojpppror>*iTl<*^fOrooor>*iOp»o 

'-«dddcs^^'t^odt^»*iddd«o 
'  11^+11+11771 


lO  CO  p  5 

d  \d  d  ci  o^  ^ 


I   I 


O  >0  O  O  00 
00   PO 


g-s- 


252 


MOBERG 


TABLE  Xn 
Percent  of  Vawation  from  Mean  of  Series  F 


Mean 

Maximum 

Miiiimum 

±22.2 

+44.4 

-21.9 

±20  J 

+27.2 

-37.1 

±42.0 

+82.6 

-78.3 

±40.9 

+27.3 

-81.8 

±12.8 

+21.9 

-23.8 

±70.0 

+81.8 

-80.7 

±60.0 

+60.0 

-100.0 

±66.6 

+122.2 

-77.7 

Range 


Nodularia 

Other  Algae..... 

Chaetocerot 

Other  Diatoms 

Brachionus  satanicus. 

Pedalion 

Cydopt 

Nauplii 


663 
643 
160.9 
109.1 
45.7 
162.5 
160.0 
199.9 


Table  Xin  shows  the  results  of  the  analyses  of  series  G.  Here  the 
total  amount  of  plankton  varies  considerably  since  the  variation  of  the 
diflferent  species  is  more  or  less  parallel.  The  chemicals  are  quite  con- 
stant A  simunary  of  the  variation  of  the  difiFerent  plankton  forms  is 
shown  in  Table  XIV. 

Series  H.  Since  in  the  previous  collections  comparatively  few  crus- 
taceans had  been  obtained,  it  was  decided  to  collect  larger  samples.  On 
October  IS,  1915,  four  samples  were  therefore  collected  from  approxi- 
mately the  same  points  as  those  of  series  C  during  clear  and  almost  per- 
fectly calm  weather.  Two  liters  of  each  sample  were  filtered  thru  fine 
bolting  cloth.  This  allowed  the  diatoms  and  some  of  the  algae  to  pass 
thru  but  retained  aU  the  crustaceans  and  rotifers.    This  was  determined 

TABLE  XIV 
Percent  or  Variation  froic  Mean  of  Series  G 


Nodularia 

Other  Algae 

Chaetoceros 

Other  Diatoms 

Brachionus  satanicus. 

Pedalion 

Cyclops 

Difi^tomus 

Naiylii 


Mean 

MaTimum 

Minimum 

±26.4 

+50.0 

-47.4 

±37.0 

+74.0 

-47.1 

±50.8 

+51.6 

-81.3 

±36.8 

+57.9 

-36.8 

±34.7 

+47.8 

-62.5 

±78.2 

+153.7 

-86.0 

±35.1 

+65.2 

-43.5 

±50.0 

+100.0 

-50.0 

±63.6 

+78.2 

-92.7 

Range 


97.4 
121.1 
\Z23 

94.7 
110.3 
239.7 
108.7 
150.0 
170.9 
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by  an  examination  of  the  filtrate.    No  chemical  analysis  was  made  and 
the  plants  were  not  counted.    The  results  are  shown  in  Table  XV. 

TABLE  XV 

Data  for  Sesies  H 

(Abbreviations  as  in  previous  tables) 


Sample  1 


Amt.  %  var. 


San4>le2 


Amt  %var. 


Sample3 


Amt    %  var. 


Sample4 


Amt  %var. 


Mean 


Depth 

Ten4)eratttre 

Moina. 

Diaptomus 

Cydops „ 

BracbioQiis  latani- 

ciis, 

Pedalion. 


4.6 
9.5 
124 
0 
2 

600 

8 


-10.7 


+129.6 

-100.0 

-46.7 

+222.6 
-38.5 


5.2 

23 
4 
8 

38 
21 


+1.0 


-57.4 

-48.4 

+113.3 

-79.6 
+61.5 


5.3 
9.0 

47 

27 
3 

64 
6 


+2.9 


-13.0 

+248.4 

-20.0 

-65.6 
-53.8 


5.5 
9.0 
22 
0 
2 

43 
16 


+6.8 
-593 

-loao 

-46.7 

-76.9 
+23.1 


5.15 

54 

7.75 
3.75 

186J0 
13i) 


At  po^t  1  where  the  depth  is  the  least  the  temperature  is  about  one- 
half  degree  higher  than  at  the  other  points.  At  this  point,  also,  Bracb- 
ionus  satanicus  and  Moina,  the  inost  abundant  animals,  are  present  in 
great  numbers.  Whether  this  "swarm"  was  caused  by  the  slight  dif- 
ference in  depth  and  temperature  one  cannot  say,  but  it  is  probably  miy 
a  coincidence,  since  farther  on,  where  the  water  was  deeper,another  swann 
of  Moina  was  noticed.    The  sununary  is  given  in  Table  XVI. 

TABLE  XVI 
PsRCSNT  or  Variation  froic  Mean  of  Series  H 


Mean 

Maximum 

Minimum 

Ran^ 

BrarhioniiA  natanicus 

±111.2 
±44.2 
±64.8 
±56.9 

±  124.2 

+222.6 
+61.5 
+129.6 
+113.3 
+248.4 

-79.6 
-53.8 
-593 
-46.7 
-100.0 

302J 

Pfdalion ----- 

115  J 

MoW 

IS&S 

CvdoDB 

160i) 

Diaptomus 

348.4 

The  distribution  of  the  two  sexes  of  Moina  in  this  series  is  interesting. 
On  the  whole  the  females  are  in  the  majority  except  at  point  2  where  the 
males  are  about  twice  as  many.    At  the  point  immediately  preceding, 
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where  a  omsiderable  number  of  Moina  is  found,  the  males  are  totally 
absent.    The  following  is  the  detailed  distribution : 

124  females  per  liter. 

79  J>         » 


>m 

tl 

0  males 

per  hter 

124 

» 

2 

IS 

>9 

»     w 

8 

tt 

3 

5 

l> 

»     >j 

42 

» 

4 

2 

JJ 

w       » 

20 

Series  I.  In  order  to  obtain  still  larger  volumes  of  water  a  series  of 
three  samples  was  collected  on  August  17, 1916,  with  the  plankton  pump 
at  a  depth  of  about  two  and  a  half  meters  from  an  anchored  boat.  The 
weather  was  calm  and  when  the  two  last  samples  were  taken  the  sun 
went  under  a  thin  cloud,  which  hardly  had  any  effect  on  the  light  Each 
sample  consisted  of  five  gallons  (18926  cc.)  and  was  concentrated  to  18.9 
cc.  AU  the  animals  in  five  cubic  centimeters  of  the  concentrated  sample 
were  counted  and  the  results  are  shown  in  table  XVn. 


TABLE  XVn 

Data  for  Series  I 

(Abbreviations  as  in  previous  tables 


Aq[>laiichna 

Pedalion 

Brachionas  satanictis. 

NaupliL 

Diaptomus. 

Cydops 

Moina 


Sample  1 

San^le2 

San^le3 

Amt. 

%var. 

Amt. 

%var. 

Amt. 

%var. 

3 

+30 

1 

-56.5 

3 

+30 

73 

-12 

78 

-6 

98 

+18.1 

54 

+4 

54 

+4 

48 

-^  8 

55 

+10 

50 

0 

45 

-10 

7 

+40 

3 

-40 

5 

0 

6 

+81.8 

2 

-39.4 

2 

-39.4 

0 

-100 

3 

+30 

4 

+73.9 

Mean 

23 

83.0 

52.0 

50.0 

5.0 

3.3 

2.3 


In  these  collections  the  adult  cnistaceans  are  comparatively  few,  but 
since  a  large  volume  was  collected  and  counted  the  results  may  be  con- 
sidered reliable.  In  the  case  of  the  adult  crustaceans  the  variation  is 
large  while  in  the  case  of  the  Nauplii  and  the  rotifers  it  is  rather  small. 
The  summary  of  the  variation  is  shown  in  Table  XVIII. 
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TABLE  XVm 
Percent  of  Vaxiation  from  Mean  of  Series  I 


Mean 

Maximum 

Mininrmyn 

±12 

+18.1 

-12 

±5.3 

+4 

-  8 

±6.7 

+10 

-10 

±26.7 

+40 

-40 

±53.5 

+81.8 

-39.4 

±68 

+73.9 

-100 

Range 


PedaMon 

Bnu^ionus  satankus. 

Nauplii .♦ 

Diaptomm 

Cydops 

Moina. 


aai 

12.0 

20i) 

800 

12U 

173^ 


Series  J.  A  series  of  five  surface  samples  were  collected  on  August 
27, 1916,  from  points  lying  about  100  meters  apart  in  the  center  of  Creel 
Bay  as  shown  on  the  map.  The  lake  was  perfectly  still  and  had  been  so 
for  over  twelve  hours.  The  volume  of  each  sample  and  the  portions 
counted  were  the  same  as  in  series  I.  The  results  obtained  are  shown  in 
Table  XIX. 

These  results  confirm  those  already  obtained.  Diaptomus  and  Moina 
are  rather  numerous,  still  the  variation  shown  is  large.  The  Nauplii 
and  Rotifera  are  not  as  abundant  as  usual  but  their  distribution  is  rather 
uniform.  The  temperatiu^  and  the  depth  are  almost  constant,  and 
from  previous  work  it  may  be  concluded  that  the  chemicals  vary  but 
slightly.    Table  XX  shows  the  siunmary  of  the  variation. 

TABLE  XX 
Percent  of  Variation  from  Mean  of  Series  J 


Mean 


Mazimiim 


Muiimum 


Range 


Pedalion 

Brachionus  satanicni. 

Nauplii 

Diaptomus 

Moina 


±31.6 
±31.1 
±15.1 
±50.2 
±25.1 


+48.4 
+55.5 
+24.5 
+112.8 
+58.8 


-45.2 
-33.3 
-35.9 
-71.8 
-21.6 


93.6 
88.8 
60.4 
184.6 
8a4 
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Discussion  of  Results 
As  far  as  one  can  tell  from  the  results  the  total  amount  of  plankton 
seems  to  have  a  quite  unifonn  distribution,  except  in  a  few  cases  where 
most  of  the  organisms  occiu-  in  large  or  small  numbers  in  a  certain  place 
or  at  a  certain  time.  No  correlati(»i  is  shown  betweai  the  animals  and 
the  plant  or  chemical  constituents.  Without  further  investigadoa  it 
cannot  be  said,  however,  that  plankton  animals  are  not  in  any  way 
affected  by  the  amount  of  ph3rtoplanktoh  or  dissolved  chemicals.  The 
variation  in  the  latter  may  be  due  largely  to  experimental  error.  It 
b  probable  that  if  there  are  variations  in  their  dbtribution  they  are 
small  and  not  likely  to  cause  movements  of  the  plankton  animals.  The 
depth  and  the  tmeperature  are  alwa3rs  nearly  constant  for  the  whde 
series  and  the  small  variations  that  occur  do  not  show  any  effect  on  the 
distribution  of  the  plankton.  All  of  the  plankton  species  show  an  uneven 
distribution  on  all  occasions,  even  when  the  individuals  of  a  certain  spe- 
cies are  very  numerous.  Table  XXI  gives  a  summary  of  the  variation 
of  the  individual  species.  The  figures  are  obtained  by  taking  the  ava- 
age  of  the  mean  per  cent  of  variation  from  the  mean  and  of  the  range  of 
variation  of  all  the  series  in  which  the  particular  species  is  present  in 
numbers  large  enough  to  be  considered.  The  table  shows  that  the  crus- 
taceans have  the  least  uniform  horizontal  distribution,  the  mean  varia- 

TABLEXXI 

Mean  Value  and  Range  of  ''Percent  of  Variation  from  Mean"  of 

All  THE  Series 


No.  of  series 

Mean 

averaged 

5 

±29.8 

5 

±22.1 

3 

±42.5 

3 

±«.l 

9 

±^.8 

4 

±48.6 

9 

±40.7 

1 

±57.5 

4 

±55.3 

7 

±48.5 

6 

±54.6 

8 

±40J 

Range 


Nodularia. 

Other  Algae 

Chaetoceroft 

Other  Diatoms 

Brachkmus  satanicus.. 

Brachkmus  mliUeri 

PedaUon 

Aqplandma. 

Mdna. 

Cydope 

Diiq>tomu8 

Naiq^ 


93i 
70.1 
127i) 
149i 
14&2 
142i 
117.1 
218.7 
184^ 
136.0 

nu 

125i 
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tion  for  the  adults  of  the  three  spedes  being  about  ±  53%.  For  the  four 
species  of  rotifers  the  average  is  ±46%,  and  that  of  the  plants  is  about 
±  30%.  As  has  been  stated  before  the  experimental  error  in  case  of  the 
plants  is  probably  large,  and  may  account  for  a  great  part,  or  all,  of 
the  variation  found.  For  the  rotifers  and  the  crustaceans  the  exper- 
imental error  is  much  smaller,  owing  to  the  large  portion  of  the  sample 
counted  and  to  the  fact  that  the  animals  are  more  easily  retained  in 
filtering,  the  variation  found  consequently  being  due  almost  entirely  to 
the  imeven  distribution.  It  is  not  probable  that  the  small  number  of 
individuals  that  are  sometimes  found  is  sufficient  to  explain  many  of  the 
variations,  since  in  series  H,  where  some  of  the  species  are  very  numerous, 
the  variations  are  above  the  average.^ 

Direct  observations  were  also  made  by  examining  the  water  surface 
for  aggregates  of  animals.  During  the  summer  of  1915,  before  Moina 
appeared,  crustaceans  were  frequently  not  seen  for  large  areas  but  when 
they  occm-ed  there  were  usually  several  together.  On  two  occasions 
in  August  and  September  Moinas  were  present  in  the  open  water  a  few 
meters  from  the  shore,  so  numerous  that  they  could  be  seen  from  a  dis- 
tance of  several  meters.,  These  "  swarms  "  covered  an  area  of  about  one- 
half  to  one  meter  in  diameter  while  the  surrounding  water  was  almost  free 
from  these  animals.  Also  when  series  H  was  collected  two  aggregates  of 
crustaceans,  chiefly  Moina,  were  noticed  in  the  center  of  Creel  Bay. 
Here,  however,  the  areas  were  larger  than,  and  not  as  distinct  as  those 
near  the  shore.  Dming  the  simamer  of  1916,  such  aggregates  were  seen  on 
several  occasions  by  Dr.  Young  and  by  the  writer,  both  near  the  shore 
and  out  in  the  open  water.* 

Comparisons  of  the  results  With  Those  Obtained  by 
Other  Investigators 

In  every  case  that  is  known  to  the  writer  the  collections  for  the  study 
of  the  horizontal  distribution  of  the  plankton  have  been  made  with  a 
plankton  net  and,  with  but  few  exceptions,  have  concerned  only  the  total 
amount  of  plankton.  These  results  usually  show  a  small  variation  but 
tell  nothing  of  the  distribution  of  the  individual  species.  As  far  as  one 
can  tell  from  the  data  for  Devils  Lake  the  distribution  of  the  plankton  as 
a  whole  in  that  lake  seems  to  be  similar  to  the  distribution  elsewhere. 
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A  Study  of  the  subject  ivas  made  on  Lake  St.  Clair,  Michigan,  by 
Rdghard  in  1893.^  He  collected  fourteen  series,  each  consisting  of  two 
(in  one  case  of  three)  successive  hauls  made  in  the  same  place.  The 
volume  of  plankton  per  square  meter  of  surface  was  then  determined 
and  the  average  amount  in  each  series  computed.  In  figuring  the  per- 
centages of  variation  of  the  different  catches  from  the  average  Reighard 
uses  the  volume  of  each  catch  as  a  basis  while  in  this  paper  the  average 
of  the  series  is  used  as  a  basis.  In  order  to  make  the  results  comparable 
the  latter  method  has  been  appUed  to  Reighard's  data.  For  all  but  one 
series  the  plus  and  minus  variations,  and  consequently  also  the  mean 
variation,  are  the  same  since  there  are  only  two  collections.  Table  XXn 
gives  the  plus  or  minus  variation  for  each  series  as  calculated  from 
Reighard's  data. 

TABLE  XXn 
VABiAnoN  Percentages  Obtad^ed  from  Reiohard's  Data 


Series 


Average 


n 
m 

IV 
V 
VI 

vn 
vra 

DC 
X 

xra 

XIV 
XV 
XVI 

xvni 

value 


Variation  from  mean  in  percent 


for       aU 


the 


±30.1 
±17.0 
0.0 
±13.9 
±14.6 

ao 

±5.4 

±3.1 

0.0 

±9.5 

±4.3 

±14.7 

±10.3 

±8.4 

±9.4 


In  figuring  the  results  by  Reighard's  method  the  variations  of  series 
n  of  the  above  series  become  +23.1%  and  —43.1%.  The  last  variation 
is  much  greater  than  any  other  and  Reighard  states  that  it  "is  possibly 
sufficient  to  be  referable  to  a  'swarm,'  " 

Similarly  Apstein^  studied  the  distribution  in  some  of  the  German 
lakes  by  collecting  thirty-one  series,  each  of  from  two  to  five  hauls.  All 
the  catches  of  a  series  were  taken  from  equal  depths  from  different  pMurts 
of  a  lake.  The  catches  (eighty  in  all)  were  undoubtedly  all  obtained 
from  the  pelagic  zone  at  equal  depths,  but  it  is  probable  that  the  depth 
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of  the  lake  differed  at  the  different  stations.  The  mean  value  of  the 
variation  from  the  mean  of  all  the  series  is  found  to  be  ±5.5%,  corre- 
sponding to  ±9.4%  for  Reighard's  data.  The  highest  variation  found 
by  Apstein  is  +22.8%. 

Apstein  also  counted  the  individual  species  in  three  series,  (one  of 
three  and  two  of  two  catches)  and  reports  some  data  published  by  Za- 
charias  in  1895.  From  Apstein's  data  I  computed  the  percentages  for 
Diaptomus  and  Cyclops  of  two  of  the  series,  the  catches  of  the  third 
being  made  in  widely  different  parts  of  the  lake.  Tables  XXIII  and 
XXrV  give  Apstein's  figures  together  with  the  percentages. 

TABLE  XXra 

Results  Obtained  from  Afstein's  Data  for  Dobersdorfer  See 

(Aint.>- number  per  cubic  meter.    %  var.«  variation  from  the  mean  in  percent) 


Sample  27a 

Sample  27e 

Sample  27c 

Amt. 

%var. 

Amt. 

%var. 

Amt. 

%var. 

Mean 

122,088 
328,320 

+6.7 
-7.6 

93,024 
198,208 

-18.6 
-44.5 

128,016 
539,947 

+11.9 
+51.8 

114,377 

Diaptomus 

355,492 

TABLE  XXIV 

Results  Obtained  from  Apstein's  Data  for  Gr.  PLdNER  See 

(%  var.»  percent  of  variation  from  mean) 


No.  pr.  catch 

%var. 

No.  pr.  catch 

%var. 

Mean 

Cyclops 

887 

26 

372 

-1.5 
-13.3 
+13.1 

915 

34 

286 

+1.5 
+13.3 
-13.1 

901 

Diaptomus 

30 

Nauplii 

329 

In  Dobersdorfer  See  Cyclops  shows  a  mean  variation  of  ±  12.4%  and  a 
range  of  30.5%.  For  Diaptomus  the  figures  are:  ±34.5%  and  96.0%. 
In  the  case  of  Gr.  Pl5ner  See  the  variation  for  each  catch  and  the  mean 
variation  are  the  same  since  there  are  only  two  series.  The  percentages 
are  much  lower  than  those  for  Dobersdorfer  See. 


In  the  series  collected  by  Zacfaarias  H3^odaphnia  has  a  mean  varia- 
tion of  ±  7%  and  a  range  of  15.7%,  and  the  copepods  a  mean  <rf  ±5.9% 
and  a  range  of  15.1%.  (Table  XXV).  These  figures,  as  well  as  those  of 
Apstein,  are  much  lower  than  the  Devils  Lake  figures,  and  correspond 
more  nearly  with  those  obtained  by  Reighard  and  by  Apstein  for  the  total 
amount  of  plankton. 

TABLE  XXV 

Results  Obtained  from  Zachasias*  Data 

Amt.  •  number  per  volume.    %  var .  ">  variation  from  mean) 


Schlossgarten 

Alesborg 

Rott's  Gart'n 

Amt. 

%var. 

Amt, 

%var. 

Amt. 

%var. 

Mean 

630 
720 
150 

+  10.5 

-8.9 

0.0 

540 
840 
150 

-5.2 

+6.e 

0.0 

540 
810 
150 

-5.2 

+2.5 

ao 

570 

Copcpoda  ,.. 

790 

Boamina 

150 

Kofoid^  tested  the  longitudinal  distribution  of  the  plankton  in  Illinois 
River  by  making  ''a  series  of  ten  catches  in  immediate  succession  from  a 
boat  anchored  in  mid-channel. "  The  current  was  flowing  at  the  rate  of 
nearly  two  miles  an  hour,  and  the  time  required  for  collecting  was  about 
two  hours.  The  catches  therefore  represent  plankton  taken  from  a  body 
of  water  about  three  miles  in  length.  From  the  centrifuged  material  the 
volume  of  plankton  per  cubic  meter  was  computed  and  the  following 
percentages  were  obtained:  mean  ±3.6%,  maximum  +8.6%,  minimum 
—5.5%,  and  the  range  14.1%.  Kofoid's  results  thus  show  a  smaller 
variation  than  those  of  Reighard  and  of  Apstein,  but  cannot  very  well  be 
compared  to  samples  obtained  from  a  lake,  especially  during  calm  weather. 
The  distribution  of  Daphnia  hyalina  in  Lake  Geneva  was  studied  by 
Gandolfi-Homyold  and  Almeroth^  during  the  summer  of  1913.  Vertical 
hauls  were  made  with  a  net  and  the  number  of  individuals  in  each  catch 
were  counted.  All  the  catches  taken  from  the  same  depth  on  the  same 
day  were  then  compared,  regardless  of  the  location  and  the  depth  of  the 
lake  at  the  place  where  the  collections  were  made.  From  some  data 
given  by  the  authors  the  percentages  were  computed  and  are  shown 
in  Table  XXVI. 
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TABLE  XXVI 
Results  Obtained  noic  Data  Given  in  Gandolfi-Hornyold  and  Almekoth's 

TabellbI 


Depth  of 
Lake 


Depth  of 
catch 
inm. 


Number  per 
catch 


Mean 


%var. 
from  mean 


Mean 
var.  in  % 


Range 

of  var. 

in% 


10-0 


20-0 


30-0 


24 


230.5 


284.5 


E  -87.5  E 
E  -62.5  E 
E  4-70.8  E 
E  -70.8  E 
.E4- 154.2  Ej 


±89.2 

±19.7 
±17.0 


241.7 


39.4 


34.0 


The  catches  taken  by  hauling  the  net  from  a  depth  of  ten  meters  show  a 
large  variation,  but  the  percentages  decrease  as  the  depth  and  the  num- 
ber of  organisms  increase.  In  some  cases  the  depth  of  the  lake  varies 
considerably  but  this  does  not  seem  to  have  any  effect  on  the  nimiber  of 
organisms. 

"Swarms"  or  aggregates,  similar  to  those  seen  in  Devils  Lake,  have 
been  discussed  several  times  by  different  investigators,  e.g.  by  Huitfeldt- 
Kaas,"  Reighard,"  and  Ward.^^  The  aggregates  usually  consist  of 
Cladocera  and  in  many  cases  they  have  been  observed  near  the  shore, 
but  occasionally  in  free  water.  No  great  consideration  is  given  them, 
however,  since  they  are  supposed  to  ocou:  but  seldom  and  therefore  do 
not  greatly  effect  the  results  of  quantitative  plankton  studies.  The 
comparatively  irregular  distribution  shown  by  the  zooplankton  in  Devils 
Lake  is  in  all  probability  very  constant  since  about  the  same  results 
were  obtained  for  all  the  series.  The  methods  used  are  quite  thoro  and 
no  large  error  is  possible.  It  is  significant,  also,  that  both  the  Sedgwick- 
Rafter  method  and  the  pump  method  give  about  the  same  variation  per- 
centages in  many  cases.  It  is  hardly  conceivable  that  the  organisms  in 
Devils  Lake  should  have  a  more  irregular  distribution  than  those  else- 
where, but  no  work  has  been  done  that  can  be  exactly  compared  to  that 
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done  on  Devils  Lake.  Gandolfi-Homyold  and  Almeroth's  results  show 
a  large  variation  of  Daphnia  hyalina  but  the  distances  between  the  col- 
lecting stations  were  probably  great  and  there  were  differences  in  depth 
and  probably  also  in  temperature.  Apstein's  and  Zacharias'  counts  of 
the  individual  species  show  a  distribution  quite  similar  to  that  usually 
found  for  the  total  amount  of  plankton.^'  Catches  made  with  a  net,  as 
in  the  above  mentioned  cases,  represent  the  nimiber  of  individuals  in  a 
vertical  coliunn  of  water,  and  it  is  possible  that  the  vertical  distribution 
for  the  different  catches  differed  altho  the  total  amoimt  for  the  entire 
column  differed  but  slightly  from  that  of  another  column.  If  this  were 
the  case  the  horizontal  distribution  for  the  different  levels  would  differ. 
The  collections  made  in  Devils  Lake  to  test  the  vertical  distribution  (see 
table  I)  show  a  large  difference  in  the  number  of  animals  of  a  column  of 
water  between  two  periods  of  collecting.  Moreover  when  a  large  volume 
of  water  is  collected,  especially  with  a  net,  the  differences  in  distribution 
tend  to  be  reduced,  since  by  this  method  several  thickly  populated  pKMr- 
dons  of  water  may  be  included,  while  on  the  other  hand  the  small  sample 
usually  collected  for  filtration  in  the  Sedgwick-Rafter  method  may  be 
obtained  entirely  either  from  a  volume  of  water  containing  a  "swarm" 
or  from  one  where  the  organisms  are  scarce.  This  method  is  conse- 
quently the  more  precise  for  stud)dng  the  local  distribution  of  plankton 
forms. 

Nor  can  the  distribution  of  the  total  amount  of  plankton  in  Devils 
Lake  be  compared  to  that  in  other  lakes,  since  the  data  for  the  former 
concern  the  individual  species  only.  In  the  majority  of  cases  it  appears, 
however,  that  some  species  make  up  in  volume  or  weight  for  the  difiB- 
dency  caused  by  others.  Since  the  main  portion  of  plankton  usually 
consists  of  algae  a  large  variation  of  the  animals  does  not  greatly  effect 
the  distribution  of  the  plankton  as  a  whole. 

Conclusions 

From  the  results  obtained  by  the  study  of  the  horizontal  distribution 
of  the  plankton  in  Devils  Lake  the  following  conclusions  may  be  drawn: 

(1)  The  zooplankton  in  Devils  Lake  shows  a  great  irregularity  in 
horizontal  distribution,  and  this  irregularity  cannot  be  correlated  with 
any  variations  in  amount  of  phytoplankton  or  in  the  chemical  and  phj^- 
cal  environment  It  is  more  likely  due  to  the  habit  of  swarming  among 
plankton  animals,  due  perhaps  to  a  social  instinct,  similar  to  that  found 
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in  many  other  groups  of  the  animal  kingdom.    Plankton  swarms  are  at 
times  visible,  even  at  considerable  distances,  to  the  naked  eye. 

(2)  With  larger  samples  (19  Utres)  the  variations  tend  to  be  reduced, 
but  even  here  they  are  at  times  greater  than  in  the  smaller  ones  (J^  litre). 

(3)  Similar,  tho  in  general  smaller  variations  have  been  found  by 
other  workers,  but  no  exact  comparison  with  their  results  is  possible, 
since  their  methods  have  been  diflferent. 

(4)  Definite  conclusions  regarding  the  distribution  of  the  phytoplank- 
ton  can  not  be  drawn,  owing  to  the  inaccuracy  in  the  method  of  its  emun- 
eration.  In  general,  uowever,  it  appears  to  be  more  uniformly  distributed 
than  the  zooplankton. 

(5)  These  variations  invalidate  the  usual  assmnption  that  a  given 
sample  of  water  is  representative  of  a  large  area,  at  least  in  respect  to 
its  animal  inhabitants,  and  necessitate  the  collection  of  large  numbers  of 
samples  before  definite  conclusions  regarding  their  distribution  or  move- 
ment can  be  drawn. 


NOTES 

^  Owing  to  Mr.  Moberg's  absence  on  military  duty  in  France,  I  have  taken  the 
liberty  of  editing  his  paper,  adding  some  observations  as  footnotes  ai^d  making  a  few 
changes  in  the  text.  The  conclusions  are  mainly  my  own,  but  apart  form  these,  and 
a  few  other  minor  alterations,  the  paper  is  his.    R.  T.  Yo\mg. 

•  See  Whipple  "The  Microscopy  of  Drinking  Water. "     1914,  pp.  28  et  seq. 

•  The  chemical  analyses  were  made  by  Dr.  Fred  H.  Heath  of  the  University  of 
North  Dakota. 

^Whipple, /.c.  p.42. 
Whipple,  Lc.  p.  41. 

•  In  the  Journal  of  the  Quekett  Microscopical  Club,  Vol.  XI,  pp.  373-4,  Rousselet 
has  described  a  new  species  of  Brachionus  from  Devils  Lake,  under  the  name  of  spatio- 
8US.  As  this  form  closely  resembles  B .  mtilleri,  and  nimierous  transitional  forms  occur, 
it  is  here  included  in  the  latter  species.    R.  T.  Y. 

'  In  series  H,  only  two  litres  of  water  were  taken.  In  series  I  and  J,  in  which  19 
litres  were  taken,  the  variations  are  seen  in  general  to  be  smaller  than  the  average,  as  is 
to  be  expected.  (Compare  tables  XVm  and  XX  and  XXI)  Even  here,  however, 
Bome^of  the  variations  exceed  the  average,  while  others  are  almost  as  great.  (Compare 
the  range  of  184.6  for  Diaptomus  in  series  J,  table  XX,  with  the  average  for  this  genus 
of  172.8  in  table  XXI;  Cyclops  121.2  in  series  I,  table  XVni,  with  the  average,  136.9 
in  table  XXI,  and  Moina,  173.9  in  series  I  with  the  average  of  184.9  in  table  XXI.) 
In  general,  the  more  numerous  the  individuals  of  a  species,  the  smaller  the  variations 
in  their  number.    This  also  is  to  be  expected.    The  variations  in  the  phyt(^lankton 
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mre  probaUy  partly  attributable,  as  Mr.  Moberg  has  stated,  to  ezperimental  error. 
In  part  they  are  probably  also  due  to  chance  variations  in  distributiaiL.  For  example, 
in  one  case  in  ndiich  Nodularia  was  exceedingly  abundant,  I  observed  it  dumped  to- 
gether in  numerous  small  patches.  If  one  or  two  of  such  masses  ha{q>ened  to  be  in- 
cluded in  a  500cc  sample,  while  another  sample  was  free  from  them,  they  would  readily 
explain  the  observed  differences.  Many  of  the  variations  in  the  zooplankton  may  also 
probaUy  be  due  to  chance,  especially  in  those  series  where  only  500  cc  of  water  were 
filtered.  Even  so  they  indicate  the  difficulty,  if  not  impossitulity  of  obtaining 
rdiable  results  by  the  Sedgwick-Raf  ter  method,  in  the  case  at  least  of  the  zooplankton. 

Such  an  assumption  is,  however,  whoUy  inadequate  to  explain  such  a  variation  aS 
b  shown  by  Brachionus  satanicus  in  sanq>les  3  and  4,  ser.  D.  table  Vn,  in  one  of  which 
380  individuals  were  present  in  500  cc,  while  another  contained  0.  Similarly  124 
Pedalion  were  present  in  one  of  these  samples  and  none  in  another.  Vice  versa, 
sample  3,  in  which  no  rotifers  whatever  occurred,  contained  12  Cyclops,  while  sample 
4,  in  which  rotifers  were  abimdant  contained  only  4  Cydops.  The  comparativdy 
few  Cydops  present  can  hardly  have  determined  the  difference  in  number  of  the  roti- 
fers. The  two  samples  were  taken  at  points  only  about  200  metres  apart  in  the  main 
body  of  the  lake  which  is  roughly  15  x  7  Km  in  extent.  The  day  was  dear  with  but 
little  wind  and  the  physical  and  chemical  conditions  at  the  two  stations  were  virtually 
identical,  as  may  be  seen  in  table  VII.  An  explanation  of  such  variations,  as  due  either 
to  chance  or  experimental  error  is,  in  my  opinion,  wholly  excluded. 

For  further  evidence  of  a  similar  character  see  Diaptomus,  samples  2  and  4,  ser. 
J,  table  XIX,  in  which  19  litres  were  sanq>led;  Moina  and  Brachionus  satanicus,  sam- 
ples 1  and  2  and  Diaptomus,  samples  3  and  4,  ser.  H,  table  XV,  in  which  two  litres 
were  sampled;  Brachionus  Satanicus  and  Nauphi  samples  3  and  4,  Ser.  £,  table  IX; 
Pedalion,  samples  1  and  5  and  Nauphi,  samples  5  and  7,  Ser.  F,  table  XI,  and  Brachion- 
us Satanicus,  and  Pedalion,  samples  4  and  6,  and  Nauplil,  samples  4,  6  and  8,  Ser.  G, 
table  XIII. 

These  condusions  are  furthermore  supported  by  direct  fidd  observations.  (See 
f.n.8)R.T.Y. 

•  The  following  is  from  my  notebook:  "9-17-17.  I  notice  copepod  swarms  very 
clearly  today.  In  places,  usually  in  streaks,  the  water  is  milky  with  Diaptomus,  in 
others  very  few.  Occurred  at  surface.  Simny  .  .  .  9-18-17.  I  notice  numerous 
copepod  (mostly  Moina)  swarms  in  the  surface  water  near  shore,  these  forming  streaks 
in  the  water  visible  plainly  at  a  distance  of  several  feet.  I  made  a  collection  of  one 
of  these  swarms,  500  cc,  which  I  concentrated  by  filtering  thru  No.  20  bolting  doth. 
Collection  made  by  simply  dipping  up  some  of  the  swarm  in  a  quart  jar.  .  .   " 

This  collection  when  concentrated  to  30  cc  and  counted  gave  ai^iroximatdy 
70,000  individuals  per  litre!  This  number,  moreover,  is  probably  somewhat  too  low, 
owing  to  a  number  of  the  animals  adhering  to  the  pipette  in  transferring  to  the  count- 
ing cell.     R.  T.  Y. 

*  Retghard  "A  Biological  Examination  of  Lake  St.  Clair,"  Bulletin  of  the  Mich- 
igan Fish  Commission,  1894,  No.  4. 

I'^Apstein  "Das  Sttsswasserplankton,  Methode  and  Resultate  der  quantitative 
Untersuchung,"  1896,  pp.  51  et  seq. 
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"  Kofoid  "The  Plankton  of  the  Illinois  River,"  Bulletin  of  the  Illinois  State 
Laboratory  of  Natural  History,  1903,  pp.  269  et  seq. 

"  Gfuidolfi-Homyokl  and  Almeroth,  "  Mitteilungen  iiber  die  Verteilung  von 
Daphnia  hyalina  Leydig  im  Genfer  See  (Petit  Lac),  Intemat.  Revue  d.  ges.  Hydrobiol. 
u.  Hydrogr.,  1915,  Bd  VH,  pp.  426-432. 

" H\iitfeldt-Kaas,  "Plankton  in  Norwegischen  Binnenseen,"  Biol.  Centralblatt, 
1898,  Bd  XVin,  pp.  625  et  seq. 

»*  Reighard,  Lc.  p.  32  et  Seg. 

"  Ward  "A  Biological  Examination  of  Lake  Michigan"  Bulletin  of  the  Michigan 
Fish  Commission,  1896,  No.  6,  pp.  62-64. 

^*  In  the  case  of  Cyclops  and  Diaptomus  for  Dobersdorfer  See,  Apstein  finds  & 
somewhat  larger  variation.  The  mean  for  Cyclops  is  12.4%,  and  for  Diaptomus 
34.5%.  For  Diaptomus  the  mATim^im  is  +51.8%  and  the  minimum  —44.2%,  mak- 
ing a  range  of  96%.  In  the  10-0  meter  catches  Gandolfi-Homyold  and  Almeroth  find 
a  large  variation,  but  in  the  catches  from  greater  depths  it  is  considerably  smaller. 
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DEPARTMENT  OF  NOTES  AND  REVIEWS 

It  is  the  purpose,  in  this  department,  to  present  from  time  to  time  brief  original 
notes,  both  of  methods  of  work  and  of  results,  by  members  of  the  Society.  All  noem- 
bers  are  invited  to  submit  such  items.  In  addition  to  these  there  wiU  be  given  a  few 
brief  abstracts  of  recent  work  of  more  general  interest  to  students  and  teachers.  There 
will  be  no  attempt  to  make  these  abstracts  exhaustive.  They  will  illustrate  progress 
without  attempting  to  define  it,  and  will  thus  give  to  the  teacher  current  illustrations, 
and  to  the  isolated  student  suggestions  of  suitable  fields  of  investigation. — [Editor.] 


GENETICS  IN  RELATION  TO  AGRICULTURE 

Under  this  title  Professors  Babcock  and  Clausen  have  brought  to- 
gether in  a  most  valuable  way  two  winning  groups  of  interests.  The 
development  of  agriculture  as  an  application  of  various  imderlying 
sciences  has  been  one  of  the  very  creditable  outcomes  of  scientific  pro- 
gress. And  the  growth  of  the  educational  aspects  of  agriculture  has  been 
the  wonder  of  modem  education^  which  with  the  aid  of  shrewdly  used 
political  appeals  has  made  more  than  one  of  our  xmiversities  the  tail  to 
an  agricultural  kite.  On  the  other  hand,  none  of  the  divisions  of  bio- 
logical science  approaches  that  of  genetics  in  the  impetus  which  it  has 
given  in  recent  years  to  research.  This  is  true  whether  we  are  thinking 
primarily  of  the  discovery  of  new  facts  or  of  the  theoretical  conclusions 
to  be  had  from  them.  If  therefore  we  acquiesce,  as  we  probably  must,  in 
the  authors'  statement  that  no  field  of  science  contributes  more  of  eco- 
nomic worth  than  genetics  does  to  the  complex  called  agriculture,  we 
have  a  measure  of  the  possibilities  of  a  book  on  this  subject.  In  the 
opinion  of  the  reviewer  the  book  is  peculiarly  valuable,  not  merely  to 
agricultural  students  for  whom  it  is  primarily  written,  but  for  teachers 
and  students  of  biology  everywhere,  for  the  general  reader,  and  for  the 
breeder.  A  very  rich  selection  of  illustrative  material  has  been  made — 
much  of  it  from  sources  not  familiar  to  the  general  student. 

The  subject  is  treated  under  three  heads:  Fimdamentals;  Plant 
Breeding;  Animal  Breeding. 

Part  1,  dealing  with  the  Fundamentals  of  genetics  comprises  fourteen 
chapters.  Biologists  will  agree,  I  believe,  that  the  various  hypotheses 
have  been  fairly  stated  and  the  pros  and  cons  of  the  more  imcertain  ques- 
tions justly  given.    The  illustrative  material  is  pertinent  and  modern. 
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Part  2  discusses  Plant  Breeding  in  twelve  chapters  and  contains  such 
representative  chapters  as,  Historical  Introduction,  Varieties  in  Plants, 
Composition  of  Plant  Populations,  Selection,  Utilization  of  Hybrids, 
Mutations,  Graft  Hybrids  and  other  Chimeras,  Breeding  Plants  for 
Disease  Resistance,  Methods  of  Plant  Breeding. 

Part  3,  Animal  Breeding  includes  thirteen  chapters.  These  nm 
parallel  to  those  of  part  2,  with  some  of  pecuUar  interest  added — as  for 
example,  Disease  and  Related  Phenomena  in  Animal  Breeding,  Sex 
Determination  in  Animals,  Fertihty  in  Animals,  and  Some  BeUefs  of 
Practical  Breeders.  The  latter  deals  briefly  with  the  scientifiic  grounds 
for  disbelief  in  telegony,  maternal  impression,  prepotency,  and  the  like. 

The  concluding  chapter  states  the  grounds  for  a  becoming  modesty 
in  relation  both  to  the  quantity  and  the  precision  of  our  present  knowl- 
edge of  animal  genetics. 

The  book  contains  also  a  glossary,  a  list  of  the  literature  cited,  and  an 
adequate  index.  It  is  richly  illustrated  with  pictures,  diagrams,  and 
tables.  It  is  an  attractively  made  book,  and  is  sure  to  prove  a  useful 
and  satisfying  one. 

Gknetics  in  Relation  to  Agricultukx,  by  E.  B.  Baboock  and  R.  E.  Qausen.    Pp.  zz+675, 
fully  illustrated.    The  McGraw-Hill  Book  Company.  New  York.  1918. 

Nitrate  Cellulose  as  a  Substitute  por  Celloidin 
As  a  result  of  the  war  the  importation  of  celloidin  has  been  interrupted 
and  the  microscopist  has  been  compelled  to  look  about  for  workable, 
substitutes.  Parlodion  has  been  found  to  be  very  satisfactory,  and  can 
be  obtained  from  the  Arthur  H.  Thomas  Company,  Philadelphia.  In  this 
laboratory,  however,  we  have  had  such  excellent  results  with  nitrate 
cellulose  (soluble  cotton)  that  I  feel  justified  in  calling  it  to  the  attention 
of  other  workers.  Although  never  in  very  general  use,  soluble  cotton  as 
an  embedding  medium  has  been  known  for  some  time,  and  has  been  used 
for  a  number  of  years  in  the  laboratory  of  Dr.  Adolf  Meyer,  John 
Hopkins  Hospital,  as  a  routine  method  of  embedding.  It  has  two  valua- 
ble features — the  cost  is  less  than  any  of  the  other  practical  celloidin 
substitutes,  and  its  preparation  is  comparatively  simple. 

Nitrate  cellulose  is  shipped  in  strong  alcohol,  and  upon  reaching  the 
laboratory  is  put  through  the  following  process:  It  is  washed  first  in 
several  changes  of  95%  alcohol  and  squeezed  nearly  dry;  then  in  two 
changes  of  absolute  alcohol,  after  which  it  is  dissolved  in  equal  parts  of 
absolute  alcohol  and  ether,  filtered  through  absorbent  gauze  into  a  flat 
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dish  and  placed  under  a  bell  jar  to  evaporate  untQ  diy.  It  is  then  cut 
into  thin  strips  and  put  into  a  thermostat  for  several  hours  at  a  tempera- 
tiu^  of  37,  the  door  of  the  thermostate  being  left  ajar  to  allow  for  the 
escape  of  the  ether  fumes.  When  the  chips  are  thoroughly  dry  they  are 
stored  in  air-tight  bottles  ready  for  use.  Where  haste  is  necessary  the 
filtration  through  gauze  may  be  dispensed  with,  the  cotton  being  de- 
canted as  it  dissolves  and  evaporates  slowly  under  a  bell  jar.  The  bottles 
are  then  placed  in  the  thermostat  under  the  same  conditions  as  described 
above.  This,  however,  is  a  crude  method,  useful  in  ordinary  work,  but 
not  to  be  followed  where  careful  infiltration  is  desired. 

For  embedding  we  use  the  same  technique  as  for  celloidin.  Eight 
wide  mouthed,  cork-stoppered  bottles  are  cleansed  and  ihartmgUy  dried. 
The  solutions  are  made  up  in  such  a  way  that  each  100  cc  ccmtains  2, 4, 
6,  etc.,  up  to  16  grammes  (by  weight)  of  the  soluble  cotton.  Tissue  that 
has  been  thoroughly  dehydrated  and  immersed  in  equal  parts  of  absolute 
alcohol  and  ether,  is  then  passed  through  these  graded  solutions,  being 
left  24  hours  in  each.  If  the  tissue  is  to  be  cut  immediately  it  is  mounted 
on  a  fibre  block  and  hardened  in  chloroform  or  in  86%  alcoboL 

Nitrate  cellulose  can  be  obtained  from  Maas  &  Waldstein,  New  York. 

Chas.  H.  Miller 

Depariment  of  Embryology 

Carnegie  InstihUion  of  Washington 
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